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Unit 2 The Periodic Table, Periodic Trends, and Nuclear Chemistry 
California Standard Sets 1 and 11. The periodic table displays the elements in increasing atomic number 
and shows how periodicity of the physical and chemical properties of the elements relates to atomic structure. 

Learning Objectives 

  a. Distinugish between physical and chemical properties 

  b. Distinguish between physical and chemical changes 

  c.Know how to relate the position of an element in the periodic table based on atomic number and mass 

  d. Know how to use the periodic table to determine its atomic number and atomic mass and be able to 
explain the difference between atomic mass and mass number. 

  e. Know  how to use the periodic table to identify alkali metals, alkaline earth metals, transition metals, 
halogens, noble gases, and trends in ionization energy, electronegativity and atomic/ionic radius.   

 f. Know  how to use the periodic table to determine the number of electrons available for bonding 
(valence electrons). 

 g. Know the nucleus of the atom is much smaller than the atom yet contains most of its mass, and that 
most of the volume of an atom is contained in the surrounding electron cloud.   

 h. Know   how to determine the number of protons, neutrons, and total electrons given one of two 
isotopic notations (i.e., C12

6  or Carbon-12). 

 i. Know the forces holding an atom together: strong nuclear force, electromagnetic (electrostatic) 
attraction, or repulsion.  The energy released when an atom is split is immense (E=mc2).   

 j. Know  that some isotopes are unstable, which can lead to nuclear decay, which in turn produces a new 
element and radiation.  

 k. Know  the difference between nuclear fission and fusion.  

 l. Know the three common types of nuclear radiation: alpha, beta, gamma; and their penetrating ability. 

 m. Know how radioactive half-lives are determined and balancing nuclear reactions. 
 
Key Vocabulary Terms 

1. Electronegativity 
2. Ionization Energy 
3. Atomic/Ionic Radius 
4. Valence Electrons 
5. Halogens 
6. Atom 
7. Element 
8. Ion 
9. Subatomic Particles 

10. Electron 
11. Proton 
12. Neutron 
13. Nucleus 
14. Isotopes 
15. Orbitals 
16. Atomic Number 
17. Mass Number 
18. Periodic Table 

19. Semi-Metals or Metalloids 
20. Metals 
21. Non-Metals 
22. Family or Group 
23. Period/Energy Level 
24. Alkali Metals 
25. Alkaline-Earth Metals 
26. Transition Metals 

 
Concepts 
1.  Structure of an atom: protons, neutrons, electrons 
2.  Penetrating ability of alpha, beta and gamma radiation.  
3.  Half-life calculations 

Skills 
Balance nuclear reactions and predicting decay products using the Law of Mass Conservation 
Solve for unknowns using radioactive decay relationships 
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Interactive Notebook Score Sheet 
Quizzes/Formatives Date Score/Max 

Score 
Retake Needed 
(yes or no) 

Peer 
Initial 

Parent Initial 

Formative 4. Atomic  
Structure 

         

Formative 5 Periodic 
Table 

         

Formative 6 Periodicity           

Formative 7 Balance 
Nuclear Reactions 

         

Formative 8 Radioactive 

Decay – Half‐Life 

         

Unit 2 Test           

 
 
 
Name of Scored Assignment Date Due Score/Max Peer Initials Level of Effort 
         

         

         

         

         

         

         

 
Line	Graph – graphic representation of continuous data.  Line graphs compare two variables. 
Each variable is plotted along an axis. A line graph has a vertical axis and a horizontal axis. So, 
for example, if you wanted to graph the height of a ball after you have thrown it, you could put 
time along the horizontal, or x-axis, and height along the vertical, or y-axis. Vertical line will 
represent a day (x axis) and the horizontal line (y axis)  will represent progress on standards 
mastery with 5 advanced, 4 proficient, 3 basic, 2 below basis, and 1 incomplete (y axis)  
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Framework	Chemistry	Standards	1	and	111	
1. The periodic table displays the elements in increasing atomic number and shows how periodicity 
of the physical and chemical properties of the elements relates to atomic structure.  
1a. Students know how to relate the position of an element in the periodic table to its atomic number and 
atomic mass.  
An atom consists of a nucleus made of protons and neutrons that is orbited by electrons.  
The number of protons, not electrons or neutrons, determines the unique properties of an element. This number 
of protons is called the element’s atomic number.  
Elements are arranged on the periodic table in order of increasing atomic number. Historically, elements were 
ordered by atomic mass, but now scientists know that this order would lead to misplaced elements (e.g., 
tellurium and iodine) because differences in the number of neutrons for isotopes of the same element affect the 
atomic mass but do not change the identity of the element.  

1b. Students know how to use the periodic table to identify metals, semimetals, nonmetals, and halogens.  
Semimetals which are also know as metalloids are elements to the immediate right and left of  a heavy stepped 
line running from boron to astatine of this line, excluding the metal aluminum, and have properties that are 
intermediate between metals and nonmetals.  
Elements further to the left are metals. Those further to the right are nonmetals. Halogens, which are a well-
known family of nonmetals, are found in Group 17 (formerly referred to as Group VIIA).  
A group, also sometimes called a “family,” is found in a vertical column in the periodic table.  
 

 
 

1c. Students know how to use the periodic table to identify alkali metals, alkaline earth metals and 
transition metals, trends in ionization energy, electronegativity, and the relative sizes of ions and atoms.  
A few other groups are given family names.  
 Alkali metals (Group 1), such as sodium and potassium, which are soft and white and extremely reactive 

chemically.  All these elements have electrons in their outer s orbitals. 
 Alkaline earth metals (Group 2), such as magnesium and calcium, are found in the second column of the periodic 

table. All these elements have electrons in their outer s orbitals. 
 Transition metals (Groups 3 through 12) are represented by some of the most common metals, such as iron, 

copper, gold, mercury, silver, and zinc. All these elements have electrons in their outer d orbitals.  
 Inner Transition metals: Lanthanides and Actinides.  All these elements have electrons in their outer f orbitals. 
                                                            
1 Adapted from the 1 2004 California Standards Framework  
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Electronegativity is a measure of the ability of an atom of an element to attract electrons toward itself in a 
chemical bond. The values of electronegativity calculated for various elements range from one or less for the 
alkali metals to three and one-half for oxygen to about four for fluorine. The trend across the periodic table is increasing 
up a group and to the right across a period. 
 
 
Ionization energy is the energy it takes to remove an electron from an atom. An element often has multiple 
ionization energies, which correspond to the energy needed to remove first, second, third, and so forth electrons 
from the atom. Generally in the periodic table, ionization energy and electronegativity increase from left to right 
because of increasing numbers of protons and decrease from top to bottom owing to an increasing distance 
between electrons and the nucleus.  
 
 
Atomic sizes generally decrease from left to right and increase from top to bottom for the same reasons. 
Exceptions to these general trends in properties occur because of filled and half-filled subshells of electrons.  
 
 
Ionic sizes are in relation to their atomic sizes.  Ions gaining electronic are larger than their atom and ions losing electrons are 
smaller than their atom because most of the size of atoms or ions is due to their electron clouds. 
 
 
 
1d. Students know how to use the periodic table to determine the number of bonding electrons.  
Only electrons in the outermost energy levels of the atom are available for bonding; this outermost bundle 
of energy levels is often referred to as the valence shell or valence shell of orbitals. All the elements in a group have 
the same number of electrons in their outermost energy level. Therefore, alkali metals (Group 1) have one 
electron available for bonding, alkaline earth metals (Group 2) have two, and elements in Group 13 (once 
called Group III) have three. Unfilled energy levels are also available for bonding. For example, Group 16, 
the chalcogens, has room for two more electrons; and Group 17, the halogens, has room for one more 
electron to fill its outermost energy level.   

In each principal energy level the electrons are seen to differ in how they carve out space around the 
nucleus. The four different patterns are called sublevels. These sublevels contain the orbitals in which the 
electrons are located. These four sublevels are identified by the letters s, p, d, and f. Thus there are s orbitals, 
p orbitals, d orbitals, and f orbitals. Each orbital type has a particular spatial arrangement or shape and only 
two electrons can occupy the same orbital, one spinning clockwise and the other spinning 
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To find the number of electrons available for bonding or the number of unfilled electron positions for a given 
element, students can examine the combining ratios of the element’s compounds. For instance, one atom of an 
element from Group 2 will most often combine with two atoms of an element from Group 17 (e.g., MgCl2) 
because Group 2 e elements have two electrons available for bonding, and Group 17 elements have only one 
electron position open in the outermost energy level. (Note that some periodic tables indicate an element’s 
electron configuration or preferred oxidation states. This information is useful in determining how many 
electrons are involved in bonding.)  

Group 1A       Group 5A 

Group 2A      Group 6A 

Group 3A      Group 7A 

Group 4A      Group 8A 

1e. The nucleus of the atom is much smaller than the atom yet contains most of its mass.  
The volume of the hydrogen nucleus is about one trillion times less than the volume of the hydrogen atom, 
yet the nucleus contains almost all the mass in the form of one proton. The diameter of an atom of any one 
of the elements is about 10,000 to 100,000 times greater than the diameter of the nucleus. The mass of the 
atom is densely packed in the nucleus.  

The electrons occupy a large region of space centered around a tiny nucleus, and so it is this region that defines 
the volume of the atom. If the nucleus (proton) of a hydrogen atom were as large as the width of a human 
thumb, the electron would be on the average about one kilometer away in a great expanse of empty space. The 
electron is almost 2,000 times lighter than the proton; therefore, the large region of space occupied by the 
electron contains less than 0.1 percent of the mass of the atom. 
 

1. f.* Students know how to use the periodic table to identify the lanthanide, actinide, and transactinide 
elements and know that the transuranium elements were synthesized and identified in laboratory 
experiments through the use of nuclear accelerators.  The lanthanide series, or rare earths, and the actinide 
series, all of which are radioactive, are separated for reasons of practical display from the main body of the 
periodic table. The known transactinide elements are those whose atomic number is 104 through 112.  
Transuranium elements are the elements with atomic numbers greater than 92, only two of which exist naturally, 
neptunium and plutonium. The synthesis first began with nuclear accelerators and the cyclotron equipment. That 
Ernest O. Lawrence, at the University of California, Berkeley, invented. 

1. h.* Students know the experimental basis for Thomson’s discovery of the electron, Rutherford’s 
nuclear atom, Millikan’s oil drop experiment, and Einstein’s explanation of the photoelectric effect.  
In 1887 J. J. Thomson performed experiments from which he concluded that cathode rays are streams of 
negative, identical particles, which he named electrons. 

 In 1913 E. R. Rutherford headed a group that shot a beam of helium nuclei, or alpha particles, through a very 
thin piece of gold foil; the unexpectedly large deflections of some helium nuclei led to the hypothesis that the 
charged mass of each gold atom is concentrated in a small central nucleus.  

In 1910 Robert Millikan confirmed Thomson’s conclusion that electrons are identical particles when he balanced 
tiny, electrically charged oil droplets between electric and gravitational fields and so discovered that the droplets 
always contained charge equal to an integral multiple of a single unit.  

In 1915 Albert Einstein found he could explain the photoelectric effect, in which light ejects electrons from 
metal surfaces, by proposing that light consists of discrete bundles of energy, or photons, each photon with an 
energy directly proportional to the frequency of the light, and by proposing that each photon could eject one and 
only one electron.  
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11. Nuclear processes are those in which an atomic nucleus changes, including radioactive 
decay of naturally occurring and human-made isotopes, nuclear fission, and nuclear fusion. As 
a basis for understanding this concept:  
11a. Students know protons and neutrons in the nucleus are held together by nuclear forces that 
overcome the electromagnetic repulsion between the protons.  
The nucleus is held together by the strong nuclear force. The strong nuclear force acts between protons, between 
neutrons, and between protons and neutrons but has a limited range comparable to the size of an atomic 
nucleus. The nuclear force is able to overcome the mutual electrostatic repulsion of the protons only when the 
protons and neutrons are very near each other as they are in the nucleus of an atom.  

11. b. Students know the energy release per gram of material is much larger in nuclear fusion or fission 
reactions than in chemical reactions. The change in mass (calculated by E = mc

2 

) is small but 
significant in nuclear reactions.  
Two major types of nuclear reactions are fusion and fission.  
In fusion reactions two nuclei come together and merge to form a heavier nucleus. 
In fission a heavy nucleus splits apart to form two (or more) lighter nuclei.  
The binding energy of a nucleus depends on the number of neutrons and protons it contains.  
A general term for a proton or a neutron is a nucleon. In both fusion and fission reactions, the total number of 
nucleons does not change, but large amounts of energy are released as nucleons combine into different 
arrangements. This energy is one million times more than energies involved in chemical reactions.  

11. c. Students know some naturally occurring isotopes of elements are radioactive, as are isotopes 
formed in nuclear reactions.  
Sometimes atoms with the same number of protons in the nucleus have different numbers of neutrons. These 
atoms are called isotopes of an element. Both naturally occurring and human-made isotopes of elements can be 
either stable or unstable.  

Less stable isotopes of one element, called parent isotopes, will undergo radioactive decay, transforming to more 
stable isotopes of another element, called daughter products, which can also be either stable or radioactive. For a 
radioactive isotope to be found in nature, it must either have a long half-life, such as potassium-40, uranium-238, 
uranium-235, or thorium-232, or be the daughter product, such as radon-222, of a parent with a long half-life, 
such as uranium-238.  

Compare and Contrast C-12 and C-14 
__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

__________________________________________________________________________________

11. d. Students know the three most common forms of radioactive decay (alpha, beta, and gamma) and 

know how the nucleus changes in each type of decay.  

Radioactive isotopes transform to more stable isotopes, emitting particles from the nucleus. These particles are 
helium-4 nuclei (alpha radiation), electrons or positrons (beta radiation), or high-energy electromagnetic rays 
(gamma radiation).  
Isotopes of elements that undergo alpha decay produce other isotopes with two less protons and two less 
neutrons than the original isotope. Uranium-238, for instance, emits an alpha particle and becomes thorium-234.  

 

Isotopes of elements that undergo beta decay produce elements with the same number of nucleons but with one 
more proton or one less proton. For example, thorium-234 beta decays to protactinium-234, which then beta 
decays to uranium-234.  
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Alpha and beta decay are ionizing radiations with the potential to damage surrounding materials. After alpha and 
beta decay, the resulting nuclei often emit high-energy photons called gamma rays. This process does not change 
the number of nucleons in the nucleus of the isotope but brings about a lower energy state in the nucleus.  

11. e. Students know alpha, beta, and gamma radiation produce different amounts and kinds of 
damage in matter and have different penetrations.  
Alpha, beta, and gamma rays are ionizing radiations, meaning that those rays produce tracks of ions of atoms and 
molecules when they interact with materials.  

Alpha particles have the shortest ranges, and matter that is only a few millimeters thick will stop them. They will 
not penetrate a thick sheet of paper but will deposit all their energy along a relatively short path, resulting in a 
high degree of ionization along that path.  
Beta particles have longer ranges, typically penetrating matter up to several centimeters thick. These high-energy 
particles are electrons or positrons (the antimatter electron), have one unit of either negative or positive electric 
charge, and are approximately 1/2000 of the mass of a proton.  

Gamma rays can penetrate matter up to several meters thick. Gamma rays are high-energy photons that have no 
electric charge and no rest mass (the structural energy of the particle). They will travel unimpeded through 
materials until they strike an electron or the nucleus of an atom. The gamma ray’s energy will then be either 
completely or partially absorbed, and neighboring atoms will be ionized. Therefore, these three types of radiation 
interact with matter by losing energy and ionizing surrounding atoms.  
 
Alpha radiation is dangerous if ingested or inhaled. For example, radon-222, a noble gas element, is a naturally 
occurring hazard in some regions. Living organisms or sensitive materials can be protected from ionizing 
radiation by shielding them and increasing their distance from radiation sources.  
Geiger counter measurements can be used to record radiation data. The order of penetrating ability, from 
greatest to least, is gamma > beta > alpha, and this order is the basis for assessing proper shielding of radiation 
sources for safety.  
 
There are a number of 
naturally occurring 
sources of ionizing 
radiation. One is 
potassium-40, which can be detected easily in potash fertilizer by using a Geiger counter. The other is 
background cosmic and alpha radiation from radon.  
 
 
11. f.* Students know how to calculate the amount of a radioactive substance remaining after an 
integral number of half-lives have passed.  
Radioactive decay transforms the initial (parent) nuclei into more stable (daughter) nuclei with a characteristic 
half-life. The half-life is the time it takes for one-half of a given 
number of parent atoms to decay to daughter atoms. One-half of 
the remaining parent atoms will then decay to produce more 
daughter atoms in the next half-life period. It is possible to predict 
only the proportion, not the individual number, of parent atoms 
that will undergo decay. Therefore, after one half-life, 50 percent 
of the initial parent nuclei remain; after two half-lives, 25 percent; 
and so forth. The intensity of radiation from a radioactive source is 
related to the half-life and to the original number of radioactive 
atoms present. 
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Physical and Chemical: Properties and Changes 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                    Why do atoms take part in chemical reactions? 
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Atomic Theory and Size PRACTICE (pages 97-104) 

1. Draw a diagram of an atom showing the dense (tiny and heavy) nucleus of an atom and the surrounding 
electron cloud.  Use Beryllium which has 4 protons, 5 neutrons and 4 electrons . 

 
 
 
 
 
 
2. What are the electrical charges on protons, neutrons, and electrons? 

 

 

 

 

3. Draw and identify the parts of a periodic table entry. 

 

 

4. How can an atom’s identity (name) be determined? ____________________________________________ 

______________________________________________________________________________________ 

5. How can an atom’s number of protons be determined? ________________________________________ 

______________________________________________________________________________________ 

6. How can an atom’s number of electrons be determined? _______________________________________ 

______________________________________________________________________________________ 

7. How can an atom’s mass number be determined? _____________________________________________ 

______________________________________________________________________________________ 

8. How can an atom’s number of neutrons be determined? _______________________________________ 

 _____________________________________________________________________________________ 

9. What does average atomic mass mean? _____________________________________________________ 

________________________________________________________________________________________ 

10. Distinguish between mass number and atomic mass _____________________________________________ 

________________________________________________________________________________________

________________________________________________________________________________________ 
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“I began to look about and write down the elements 

with their atomic weights and typical properties, 

analogous elements and like atomic weights on 

separate cards, and this soon convinced me that the 

properties of elements are in periodic dependence 

upon their atomic weights.” ‐‐Dmitri Mendeleev, 

Principles of Chemistry, 1905, Vol. II  

Atomic Structure 
An atom consists of a nucleus made of protons and 

neutrons that is orbited by electrons. The number of 
protons, not electrons or neutrons, determines the unique 
properties of an element. This number of protons is called 
the element’s atomic number. Elements are arranged on 
the periodic table in order of increasing atomic number. 
Historically, elements were ordered by atomic mass, but 

now scientists know that this order would lead to misplaced elements (e.g., tellurium and iodine) 
because differences in the number of neutrons for isotopes of the same element affect the atomic 
mass but do not change the identity of the element. The periodic table includes the average atomic 
mass which reflects the masses and relative abundance (how much) of each element isotope. 

DEFINING THE ATOM 
Modern Atomic Theory 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Sizes of Atoms 

Atomic Radius  
 
Nuclear Radius 
 
Electron Cloud 
 
Mass Number 
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1a. Students know how to relate the position of an element in the periodic table to its atomic number and 
atomic mass.  
An atom consists of a nucleus made of protons and neutrons that is orbited by electrons.  
The number of protons, not electrons or neutrons, determines the unique properties of an element. This number 
of protons is called the element’s atomic number which determines the unique properties of an element.  
Elements are arranged on the periodic table in order of increasing atomic number. Historically, elements were 
ordered by atomic mass, but now scientists know that this order would lead to misplaced elements (e.g., 
tellurium and iodine) because differences in the number of neutrons for isotopes of the same element affect the 
atomic mass but do not change the identity of the element.  

 

There are seven main isotopes for molybdenum 2 

  

 

 

Explain why Molybdenum would come before Xenon on the Periodic Table 

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________ 

Explain how you would figure out how many proton and neutrons were in the average isotope of 
Xenon 

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________ 

After searching the periodic table for all the pairs of elements that have increasing atomic number 
but decreasing average atomic masses, list all.  An example is tellurium and iodine. 

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________ 

                                                            
2 http://www.webelements.com/molybdenum/isotopes.html 

Isotopes Mass Number 
(amu) 

Natural 
Abundance 

92Mo 92 14.84 % 
94Mo 94 9.25% 
95Mo 95 15.92% 
96Mo 96 16.68% 
97Mo 97 9.55% 
98Mo 98 24.13% 
100Mo 100 9.63% 
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Structure of the Nuclear Atom3  
I. The Electron  
A. Discovery  

1. Joseph John Thomson (1897)  
a. Cathode ray tube produces a ray with a constant charge to mass 
ratio  
b. All cathode rays are composed of identical negatively charged particles which he called 
electrons. 

2. Robert Millikan (1912) confirmed Thomson’s conclusions that electrons 
are identical particles when he balanced tiny, electrically charged oil 
droplets between electric and gravitation fields and so discovered that the 
droplets always contained charge equal to an integral multiple of a single 
unit. Comparing the electron mass to that of the lightest element, which is 
Hydrogen,  Millikan found that the mass of an electron is 1800 times 
smaller than the hydrogen atom. 

B. Inferences from the properties of electrons  
   1. Atoms are neutral, so there must be positive charges to balance the negatives  
   2. Electrons have little mass, so atoms must contain other particles that account for most of the mass  
 

II. The Nucleus  
A. The Rutherford Gold Foil Experiment published (1911)  

1.  Ernest  Rutherford  fired  Alpha  particles  (helium 
nuclei) at a very thin sheet of gold  
a.  Assumed  that  the  positively  charged  particles 

were  bounced  back  if  they  approached  a 
positively charged atomic nucleus head‐on (Like 
charges repel one another)  

2. Very few particles were greatly deflected back from 
the gold sheet  

a. nucleus is very small, dense and positively charged  
b. most of the atom is empty space  
 
 
 
 
 
 
 
 
 

III. Structure of the Nucleus  
1. Protons:  Positive charge, mass of 1.673x10‐27 kg , The number of protons in the nucleus 

determines the atom's identity and is called the atomic number   
2. Neutrons: No charge, mass of 1.675x10‐27 kg, 
3. Strong Nuclear Forces: Short range attractive forces that hold the nucleus together: neutron‐

to‐neutron, proton‐to‐proton, proton‐to‐neutron  

                                                            
3 1. h.* Students know the experimental basis for Thomson’s discovery of the electron, Rutherford’s nuclear atom, Millikan’s oil drop experiment, and 

Einstein’s explanation of the photoelectric effect. 
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Isotope PRACTICE 
1. Give the number of protons and neutrons in each of the following pairs of isotopes...  

O‐16: protons  = _____        neutrons  = ____         O‐18: protons  = ________neutrons  = __________  

Ba‐137: protons  = ______  neutrons  = _____      Ba‐139: protons  = _______neutrons  = __________ 

Ne‐20 : protons  = ______   neutrons  = _____      Ne‐21: protons  = ________neutrons  = __________ 

2. Explain how atoms of U‐235 and U‐238 are similar and how they differ.  
 

______________________________________________________________________________________ 

______________________________________________________________________________________ 

3. Complete the following table 

ISOTOPE NUMBER OF 
NEUTRONS 

MASS NUMBER NUMBER OF 
PROTONS  

Cadmium-116     

  113 49  

  103 45  
197Au     

Xenon-136     

 40 71   

 106 180   

 42  33  

Mercury-204     
3H     

 
4.a. How many protons are found in each of the following isotopes: 

              	
   b. How many neutrons are found in each of the following isotopes: 

             

  c. How many electrons are found in each of the following isotopes: 

             

  d. What structures characteristics do all hydrogen atoms have in common? 

 

Quick Write: Describe the two ways of writing isotopes  

______________________________________________________________________________________ 

______________________________________________________________________________________ 
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ISOTOPES  

All atoms of any given element have the same numbers of protons (atomic number = Z) in their 
nucleus. Atoms are identified based on the number protons in the nucleus.  The Periodic Table is 
organized in order of increasing atomic number.  However, atoms of the same element may have 
different numbers of neutrons and thus different weights (Mass number = A). The mass number is the 
total number of protons and neutron in the nucleus. Atoms are said to be isotopes if they are of the 
same element but they have different masses (weights) due to different numbers of neutrons. Let’s 
look at some examples.  

C‐l 2 and C‐14 are isotopes. Since both are elemental carbon atoms they have the same number of 
protons: 6. (The atomic number of carbon is 6.) All elements of carbon have six protons. 

Atoms of C‐l 2, like any carbon atoms must have 6 protons. In order for these atoms to have a mass 
number of 12 they must also contain 6 neutrons. Atoms of C‐14 must also have 6 protons (all carbon 
atoms do). However, in order for these atoms to have a mass of 14 they must contain 8 neutrons.  

Generally isotopes of an element behave identically in terms of how they react with other chemicals. 
The only difference is in their weights.  Isotopes are not present in exactly the same proportion in 
nature.   

ISOTOPIC NOTATION 

Another way of showing isotopes is  where X is some element’s symbol, A is 
the elements mass number and Z is the elements atomic number. 

Hydrogen Isotopes 

There are three isotopes of hydrogen that all differ by the number of neutrons since all hydrogens have the 
same number of protons. 

NORMAL HYDROGEN H‐l  Most hydrogen atoms consist of just a single proton and an electron... no 
neutrons; thus H‐1 has a mass of  1amu or a mole of H‐1 has a mass of 1 gram. About 99.98% of all 
hydrogen atoms are normal hydrogen; (sometimes called protium).  

HEAVY HYDROGEN H‐2  Sometimes called deuterium. These atoms are twice as heavy as “normal” 
hydrogen atoms because they contain a neutron in addition to the proton in normal H.  

TRITIUM H‐3  These atoms contain a proton and two neutrons.  

Draw a diagrams showing normal hydrogen, deuterium and tritium label protons, neutrons and electrons. 
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Average Atomic Mass Practice 

1) 15% 55Fe, 85% 56Fe 
 
 
 
 
 
2) 95% 14N, 3% 15N, 2% 16N 
 
 
 
 
 
 
3) 98% 12C, 2% 14C 
 

 

 

4) Calculate the average atomic mass of magnesium using the following data for three magnesium isotopes. 
       Isotope  mass (u) relative abundance 
       Mg-24  23.985  0.7870 
       Mg-25  24.986  0.1013 
       Mg-26  25.983  0.1117 
 
 
 
 
 
 
 
5) Calculate the average atomic mass of iridium using the following data for two iridium isotopes. 

Isotope  mass (u) relative abundance 
Ir-191  191.0  0.3758 
Ir-193  193.0  0.6242 

 
 
 
 
 
 
6) Lithium has two naturally occurring isotopes: lithium-6 and lithium-7.  If the average atomic mass of 
lithium is 6.941 amu, which isotope is the most abundant?  How do you know? 
____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________ 
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Average Atomic Mass 

Elements come in a variety of isotopes.  Isotopes are atoms with the same atomic number but different 
atomic masses.  These atoms differ in the number of neutrons. 
 
The average atomic mass is the weighted average of all the isotopes of an element 
 
Weighted Average Calculation Method 
1) Convert all percentage to decimal fractions 55% = 55/100 = 0.55 
2) Determine the proportion of each isotope 
3) Total the proportions together 
 

Example: Average Atomic Mass of Cesium 

Find the average atomic mass of cesium in a sample that is 75% 133Cs, 20% 132Cs, and 5% 134Cs 

 

 

 

Determine the average atomic mass of the following mixtures of isotopes 

1. 80% 127I, 17% 126I, and 3% 128I 
 

 

 
 

 
 2) Uranium is used in nuclear reactors and is a rare element on earth. Uranium has three common 

isotopes. If the abundance of 
234

U is 0.01%, the abundance of 
235

U is 0.71%, and the abundance 

of 
238

U is 99.28%, what is the average atomic mass of uranium? 

 

 
 
 
 
 
Quick Write: Explain how average atomic mass is different from atomic mass number 

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________ 

Solution 

0.75 x 133 =99.75 
0.20 x 132 = 26.4 
0.05 x 134 =   6.7 
Total          =132.85 amu 
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Penny Isotopes Lab 
The Story 

  You recently got admitted into UC Davis and registered to take Science of Pennies 101.  Your 

150 year old professor, Dr. Lincoln invites you and your colleagues to his laboratory to show‐off his 

latest discovery.  With joy, he announces his achievement, “This year, I plan to win the Nobel Prize for 

chemistry.  I have isolated two samples of penny isotopes.  It took a long five years, but I’ve done it!  

But it’s been so long since I remembered why they are isotopes…” 

  You volunteer with the rest of your colleagues to collect enough data on these penny 

isotopes to figure out why they are isotopes in the first place.  If you help Dr. Lincoln with his 

scientific work, he will surely share some of the one million dollars he plans to win with the Nobel 

Prize!  Look at the penny sample you have in the container.  Make a statement about why you think 

the pennies in your sample are isotopes.  Be sure to reference the definition of an isotope 

Hypothesis (1 point)              Table 1. Penny Number and Mass 

                                                                                                                          

Mass 

 

Data (9 points) 

1.  Record the sample letter (A or B) for your pennies ___________ 

2.  Look at your pennies.  How do the pennies differ? How do isotopes 

differ? 
______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

3.  What do all pennies have in common? What do isotopes have in 

common? 

______________________________________________________________

______________________________________________________________

______________________________________________________________

______________________________________________________________ 

4.  Weigh each of the 15 pennies to calculate the average mass in grams  

5. Calculate the average mass of one penny in your sample using the data you’ve collect.   

 

 

Penny #  Mass (g) 

1   

2   

3   

4   

5   

6   

7   

8   

9   

10   

11   

12   

13   

14   

15   

Total   
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6.  Find a group of other scientists with a different sample of pennies and compare the differences in 

appearance and average mass between your pennies and theirs. Record by explaining your findings. 

__________________________________________________________________________________________

__________________________________________________________________________________________ 

7.  What are the reasons behind the differences between pennies from sample A and sample B? 

__________________________________________________________________________________________

__________________________________________________________________________________________ 

8.  Assume that 15 % of the pennies that are found in the world today are from sample A and 85 % of 

the pennies that are found in the world today are from sample B.  Calculate the average mass of a 

single penny that’s found in the world. 

 

 

 

Conclusion (5 points) (This section is to be written in at least one complete paragraph.) 

1. Restate your hypothesis.  

2. Was your hypothesis supported or denied?  Explain.  

3. How are pennies and isotopes the same (compare)?  

4. How are pennies and isotopes different (contrast)?  

5. Summarize your data and observations to support how you were able to calculate the average 

mass of a single penny that is found in the world today.  Use numeric data! 

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________

__________________________________________________________________________________________ 
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Chemistry California Standard 

1. b. Students know how to use the periodic table to identify metals, semimetals, nonmetals, and halogens.  

1. c. Students know how to use the periodic table to identify alkali metals, alkaline earth metals and transition 
metals, trends in ionization energy, electronegativity, and the relative sizes of ions and atoms.  

Most periodic tables have a heavy stepped line running from boron to astatine. Elements to the immediate 
right and left of this line, excluding the metal aluminum, are semimetals and have properties that are 
intermediate between metals and nonmetals. Elements further to the left are metals. Those further to the right 
are nonmetals. Halogens, which are a well‐known family of nonmetals, are found in Group 17 (formerly 
referred to as Group VIIA).  
A few other groups are given family names. These include the alkali metals (Group 1), such as sodium and 

potassium, which are soft and white and extremely reactive chemically. Alkaline earth metals (Group 2), such 

as magnesium and calcium, are found in the second column of the periodic table. The transition metals (Groups 

3 through 12) are represented by some of the most common metals, such as iron, copper, gold, mercury, silver, 

and zinc. All these elements have electrons in their outer d orbitals4.  

 

 

                                                            
4
 1. f.* Students know how to use the periodic table to identify the lanthanide, actinide, and transactinide elements and know that the transuranium elements were 

synthesized and identified in laboratory experiments through the use of nuclear accelerators. The lanthanide series, or rare earths, and the actinide series, all of which are 

radioactive, are separated for reasons of practical display from the main body of the periodic table. As a general rule elements in both series appear to have three 

electrons available for bonding. They combine with halogens to form compounds with the general formula MX3, such as LaFz3. The transactinide elements begin with 

rutherfordium, element 104. 

All the elements with atomic numbers greater than 92 were first synthesized and identified in experiments. These experiments required the invention and use of 

accelerators, which are electromagnetic devices designed to create new elements by accelerating and colliding the positively charged nuclei of atoms. Ernest O. Lawrence, 

at the University of California, Berkeley, invented one of the most useful nuclear accelerators, the cyclotron. Many transuranium elements, such as 97‐berkelium, 98‐

californium, 103‐lawrencium, and 106‐seaborgium, were first created and identified at the adjacent Lawrence Berkeley National Laboratory. Today a few transuranium 

elements are produced in nuclear reactors. For example, hundreds of metric tons of plutonium have been produced in commercial nuclear reactors.  
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                   Alkali Metals: Group 1 (1A) 

 Highly reactive 

 React with water to form alkaline solutions 
(pH>7, basic) and hydrogen gas (H2) 

• Single valence electrons 
• Form cations (+1) 
• Usually stored in oil to prevent reactions 
• Soft metals 
• Low melting and boiling points of the metals
• Good conductor of electricity 

 

 

 

                     Alkaline Earth Metals: Group 2 (2A) 
• Slightly less reactive than the alkali metals 
• Reacts with acids to produce H2 gas 
• Two valence electrons 
• Form cations (+2) 
• Harder than alkali metals 
• Higher melting points than alkali metals 

 

 

 

       Transition Metals: Groups 3‐12 (3B‐12B) 

 Hard solids at room temperature except 
Hg (liquid) 

 relatively high melting and boiling points
 Conduct electricity 
 Luster (shining) 
 Some react with acids to produce H2 gas 
 Malleability and ductility  

 

 

 

                        Halogens Group 17 (7A) 

• Highly reactive 
• Seven valence electrons 
• Form anions (‐1) 
• React with metals to form salts 
• At room temperature: 

– Fluorine & Chlorine : Gases 
– Bromine : liquid 
– Iodine & Astatine : solids 
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                Noble Gases   Group 18 (8A) 
 

 Colorless 
 Low reactivity 
 Inert 
 Eight valence electrons except Helium 

which has happily two valence electrons 
 

 

 

                     Metalloids aka Semi‐metals 

 Properties of both metals and 
nonmetals 

 Semi‐conductors of electricity 
 Along the bold line except for Al 

 

 

 

                       Non‐Metals 

 Poor conductor of electricity 
 Brittle when solids 
 Lower melting and boiling points than 

metals 
 Form anions (negative ions) when bonding 

with metals 
 Form covalent bonds when bonding with 

other nonmetals 
 Higher electronegativities 

 

 

 

Metals 

 Most of the elements on the periodic table are 
metals 

 Form cations (positive ions) 
 Good conductors of electricity  
 Excellent conductors of heat 
 Can be ductile and malleable  
 Luster (shiny) 
 Form metallic bonds if only metals 
 Form ionic bond if bonded to a nonmetal 
 Have lower electronegativities 
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                   Atomic Radius 

 

                     Ionic Radius 

 

                       Ionization Energy 

 

                        Electronegativity 
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Chemistry California Standard 

1. d. Students know how to use the periodic table to determine 
the number of electrons available for bonding.  

Only electrons in the outermost energy levels of the atom 

are available for bonding; this outermost bundle of energy levels 

is often referred to as the valence shell or valence shell of 

orbitals. All the elements in a group have the same number of 

electrons in their outermost energy level. Therefore, alkali 

metals (Group 1) have one electron available for bonding, 

alkaline earth metals (Group 2) have two, and elements in Group 

13 (once called Group III) have three. Unfilled energy levels are 

also available for bonding. For example, Group 16, the 

chalcogens, has room for two more electrons; and Group 17, the 

halogens, has room for one more electron to fill its outermost 

energy level.  

To find the number of electrons available for bonding or the number of unfilled electron positions for a 

given element, students can examine the combining ratios of the element’s compounds.  

For instance, one atom of an element from Group 2 will most often combine with two atoms of an element 
from Group 17 (e.g., MgCl

2
) because Group 2 elements have two electrons available for bonding, and Group 17 

elements have only one electron position open in the outermost energy level.  

 

Electron Configuration   

1. How many electrons can each level hold?  1st = _____  2nd = _____ 3rd = _____  
  

2. What term is used for the electrons in the outermost shell or energy level?  ____________________  
 

3. Scientists use two types of diagrams to show the electron configuration for atoms.    
 

 BOHR Atom Lewis Dot Structure 
 Sulfur  Show all electrons  

 Atomic # = 16    

Atomic Mass = 32   

Protons = ____   

Neutrons = ____   

 Electron = ____   

 Group  Number of Valence Electrons 
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Matching 
Ductile  electron shell metal  particle  metalloid  Halogen 
Electronegativity lustrous  group  period  neutron atomic number 
Ionization energy Atomic radius  subatomic malleable  brittle  
      

______________________ The number of protons in a nucleus symbolized by Z 

______________________ The distance from the nucleus to the effective outer "edge" of 
an atom 

______________________a column on the periodic table also called a family 

______________________ Shiny 

______________________ Smaller than an atom 

______________________a layer of electrons corresponding to a row on the periodic table 

______________________when small changes in shape shatter a material 

______________________the attraction for electrons in a chemical bond 

______________________one row of the periodic table 

______________________a material that is usually conductive, malleable, ductile, and 
lustrous 

______________________ An element in column 17 of the periodic table 

______________________ Nucleon with no charge 

______________________ Another term for semimetal or semiconductor 

______________________capable of being formed into thin sheets 

______________________ Capable of being formed into thin wires 

______________________ Anything having a very small size 

______________________ the energy to remove an electron 

 



  33 

Practice Questions
1.What is the atomic no. for the isotope Mo-92?  

a. 25 b. 42 c. 29 d. 92 

2.  Select the elements in order of decreasing 
electronegativity 
a. U, N, Fr 
b. N, Fr, Uup 
c. Fr, U, N  
d. N, U, Fr 

3. Select the elements in order of decreasing ionization 
energy 
a. B, Mn, Fr 
b. B, Fr, Mn 
c. Fr, Mn, B 
d. Mn, B, Fr 

4. Which element is the alkali metal?  
a. Pu b. Cs c. Nd d. He 

5. Which element is the noble gas?  
a. N b. Cf c. Mn d. Xe 

6. What is the neutron no. for the isotope 163Dy? 
a.52 b. 97 c. 86 d. 48 

7. Which element is in group 16?  
a. Co b. O  c. B  d. Be 

8. What is the atomic weight for the element As? 
a. 6.94     b. 74.92 c. 144.24 d. 12.01 

9.  Select the elements in order of increasing atomic 
radius? 
a. F, Be, Ba  b. F, Ba, Be 
c. Ba, Be, F  d. Be, F, Ba 

10. Which element has two outer electrons?  
a. Na         b. Al      c. Br    d. Sr 

11. What is the mass number for the isotope Calcium-
44?  
a. 13  b. 2 c. 115  d. 44 

12. Which element is in row 3?    
a. Cs  b. K     c. Li  d. Na 

13. Which element is the alkaline earth metal?  
a. Sr.   b. Cr     c. Md d. Yb 

14. Which element is the metal?   
a. Cl  b. Hg  c. N d. Ge 

15. Which element is the halogen? 
a. Fe b. At c. Mn d. O 

16. Which element(s) is the transition metal? 
a. Mo b. Er c. Gd d. Cr 

17. What is the neutron no. for the isotope 38Ar 
a. 16  b. 143  c. 51 d. 20 

18. Select the elements in order of decreasing 
ionization energy. 
a. O, Te, Sr b. O Sr, Te   
c. Sr, Te, O d. Te, O, Sr 

19. Which element is in group 8 
a. Fe b. Mn c. N d. Zn 

20. Which element is the noble gas 
a. Pr b. Rn c. Dy d. Pa 

21. Which element is the alkaline earth metal 
a. N b. Tb c. Ni d. Ba 

22. Which element is the alkali metal 
a. Ce b. Cf c. Pa d. K 

23. Which is the atomic no.for the isotope B-10 
a. 3 b. 18 c. 36 d. 5 

24.What is the atomic weight for the element Zr 
a. 40.00    b. 65.39    c.  91.22 d. 92.22 

25. Which element is the halogen? 
a. I b. Am c. Gd d. No 

26. Which element is in row 4 
a. Si b. Zr c. K d. Li 

27. Select the elements in order of increasing 
electronegativity? 
a. Rb, Si, Sn  b. Sn, Rb, Si  
c. Si, Sn, Rb  d. Rb, Sn, Si 

28. Which element is the metal? 
a. Br b. S c. Mo  d. Sb 

29. What is the mass no. for the isotope Cu-63 
a. 37  b. 130  c. 123  d. 63 

30. Which element has three outer electrons? 
a. At b. In 3. Br d. Be 

31. Which element is the transition metal? 
a. N b. W 3 Te d. Fr 
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Draw Bohr diagrams: 
Magnesium atom and ion    Fluorine atom and ion 

 

 

 

Distinguish between an ion and an atom  
____________________________________________________________________________________ 

____________________________________________________________________________________ 

Ion Formation of Elements.  For naming cations stay the same but anions get the ide ending 
Element Ion name Ion 

symbol 
#protons #electrons Electrons gained or lost 

and cation or anion 
Looks like 
noble gas 

Fluorine Fluoride F- 9 10 Gain 1 e-  anion neon 
Aluminum    10   

   34 36   
Lithium     Lost 1 e-  cation  

  Rb+     
   17 18   
Phosphorus      Gain 3 e-  anion  

  Be+2     
   11 10   

Nitrogen  N-3     

Configuration Writing Practice 
Write a ground state electron configuration for each neutral atom. Ground state means that all of the 
lowest possible energy levels (up to the proper number of electrons for the element) are filled.  

H       He 

Ne       N 

S       P 

Li       Cl 

Write a ground state electron configuration for these ions. Remember that ions have a change in the 
total number of electrons. Ions gain or lose electrons to become more stable like the noble gases. 

 cations are positive ions that have lost electrons and  
 anions are negative ions that have gained electrons. 

Example: N3- is 1s2 2s2 2p6. Nitride which is the name for this ion of nitrogen has three extra electrons. 

O2-        B3+  

Li+        Cl- 

S2-       P3- 
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Electron Configuration 

An electron configuration is a method of indicating the arrangement of electrons about a nucleus. A 
typical electron configuration consists of numbers, letters, and superscripts with the following format: 

1. A number indicates the energy level (The number is called the principal quantum number.). 

2. A letter indicates the type of orbital; s, p, d, f. 

3. A superscript indicates the number of electrons in the orbital. Example: ls2 means that there are two 
electrons in the ‘s’ orbital of the first energy level. The element is helium. 

To write an electron configuration: example Sulfur 

1. Determine the total number of electrons to be represented. 16 protons so 16 electrons. 

2. Use the Aufbau process to fill the orbitals with electrons. The Aufbau process requires that electrons 
fill the lowest energy orbitals first. In another words, atoms are built from the ground upwards.1 S's 
before 1P's before 2 S's before 2 P's. S's hold 2 electrons, P's hold 6 electrons, and D's hold 10 

Sulfur: ls2 2s2 2p6 3s2 3p4 

3. The sum of the superscripts should equal the total number of electrons. 2+2+6+2+4 = 16 

Note: Another way of expressing this and other electron configurations is to use the symbol for the 
noble gas preceding the element in question, which assumes its electron configuration, and add on the 
additional orbitals. So sulfur, our example above, can be written [Ne] 3s23p4. 

Practice:  
Write the electron configuration for magnesium completely and using the noble gas abbreviation 

 

Practice: Write the electron configuration of Carbon completely and using the noble gas abbreviation 
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6.3 Periodic Trends The electron structure of an atom determines many of its chemical and physical 
properties. Because the periodic table reflects the electron configurations of the elements, the table 
also reveals trends in the elements’ chemical and physical properties. 

Atomic radius  

The atomic radius is a measure of the size of an atom. 
The larger the radius, the larger is the atom.  Research shows that atoms tend to decrease in 
size across a period because the nuclei are increasing in positive charge while electrons are 
being added to sublevels that are very close in energy. As a result, the increased nuclear charge 
pulls the outermost electrons closer to the nucleus, making the atom smaller. Moving down 
through a group, atomic radii increase. Even though the positive charge of the nucleus 
increases, each successive element has electrons in the next higher energy level. Electrons in 
these higher energy levels are located farther from the nucleus than those in lower energy 
levels. The increased size of higher energy level outweighs the increased nuclear charge. 
Therefore, the atoms increase in size as the energy level (period) increases. 

1. For each of the following pairs, circle which atom is larger. 

a. Mg, Sr     c. Ge, Sn    e. Cr, W 

b. Sr, Sn     d. Ge, Br  

2. Comparing elements from left to right across a period, what general trend would you predict 
for the atomic radius? Explain the basis for your prediction. 

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________ 

3. Comparing elements from down to up a group, what general trend would you predict for the atomic 
radius? Explain the basis for your prediction. 

__________________________________________________________________________________ 

__________________________________________________________________________________ 

Ionic radius  When an atom gains or loses one or more electrons, it becomes an ion. Because an 
electron has a negative charge, gaining electrons produces a negatively charged ion, whereas losing 
electrons produces a positively charged ion. As you might expect, the loss of electrons produces a 
positive ion with a radius that is smaller than that of the parent atom. Conversely, when an atom gains 
electrons, the resulting negative ion is larger than the parent atom. Practically all of the elements to the 
left of group 4A of the periodic table commonly form positive ions. As with neutral atoms, positive ions 
become smaller moving across a period and become larger moving down through a group. Most 
elements to the right of group 4A (with the exception of the noble gases in group 8A) form negative ions 
which are considerably larger than the positive ions to the left, also decrease in size moving across a 
period. Like the positive ions, the negative ions increase in size moving down through a group. When 
comparing negative ions in the same period, the more negative the larger the ion. 

Quick Write. Explain the difference between an ion and an atom of the same element 

__________________________________________________________________________________

__________________________________________________________________________________ 
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4. For each of the following pairs, predict which atom or ion is larger. 

a. Mg, Mg+2      d. l, I- 

b. S, S-2      e. Na+1, Al+3 

c. Ca+2, Ba+2 

5. Predict which of the ions, Mg+2 or S-2 is larger. Explain your prediction. 
__________________________________________________________________________________

__________________________________________________________________________________ 

Ionization energy  

Energy is required to pull an electron away from an atom. The first ionization energy of an element is 
the amount of energy required to pull the first valence electron away from an atom of the element. 
Atoms with high ionization energies, such as fluorine, oxygen, and chlorine, are found on the right side 
of the periodic table and are unlikely to form positive ions by losing electrons. Instead, they usually gain 
electrons, forming negative ions. 

Atoms with low ionization energies, such as sodium, potassium, and strontium, lose electrons easily to 
form positive ions and are on the left side of the periodic table. Recall that atoms decrease in size from 
left to right across a period. First ionization energies generally increase across a period of elements 
primarily because the electrons to be removed are successively closer to the nucleus. First ionization 
energies decrease moving down through a group of elements because the sizes of the atoms increase 
and the electrons to be removed are farther from the nucleus. 

5. For each of the following pairs, predict which atom has the higher first ionization energy. 

a. Mg, Na     d. Cl, I 

b. S, O     e. Na, Al 

c. Ca, Ba     f. Se, Br 

6. For each of the following pairs, predict which atom forms a positive ion more easily. 

a. Be, Ca     d. K, Ca 

b. F, I      e. Sr, Sb 

c. Na, Si     f. N, As 

Explain how you can predict which atoms will form cations more easily than anions 

__________________________________________________________________________________

__________________________________________________________________________________ 

The octet rule When atoms lose or gain electrons, they generally do so until the ion has eight valence 
electrons—the stable s2p6

 electron configuration of a noble gas. This principle is called the octet rule. 
Exceptions to this rule are hydrogen, which can gain an electron, obtaining the stable 1s2 configuration 
of helium, and elements in period 2, such as lithium and beryllium that lose electrons, also obtaining the 
helium configuration. 
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The octet rule lets you predict the ionic charge of a representative element. For example, you can 
predict that an element in group 6A, having a high ionization energy, will gain two electrons to achieve 
a stable octet configuration. 

7. For each of the following elements, state whether it is more likely to gain or lose electrons to form a 
stable octet configuration and how many electrons will be gained or lost and the resultant charge. 

a. K       e. Al 

b. Br       f.  I 

c. O       g. Ar 

d. Mg 

8. Which noble-gas configuration is each of the following elements most likely to attain by gaining or 
losing electrons? 

a. S       e. Fr 

b. Sr       f. N 

c. Cl       g. Ba 

d. Be 

Electronegativity When atoms combine chemically with each other, they do so by forming a 
chemical bond. This bond involves either the transfer of electrons or sharing of electrons to varying 
degrees. The nature of the bond between two atoms depends on the relative ability of each atom to 
attract electrons from the other, a property known as electronegativity. 

The maximum electronegativity value is 3.98 for fluorine, the element that attracts electrons most 
strongly in a chemical bond. The trends in electronegativity in the periodic table are generally similar to 
the trends in ionization energy. The lowest electronegativity values occur among the elements in the 
lower left of the periodic table. These atoms, such as cesium, rubidium, and barium, are large and have 
few valence electrons, which they lose easily. Therefore, they have little attraction for electrons when 
forming a bond. 

Elements with the highest electronegativity values, such as fluorine, chlorine, and oxygen, are found in 
the upper right of the periodic table (excluding, of course, the noble gases, which do not normally form 
chemical bonds). These atoms are small and can gain only one or two electrons to have a stable noble-
gas configuration. Therefore, when these elements form a chemical bond, their attraction for electrons 
is large. Electronegativities generally increase across a period and decrease down through a group or 
increase ______________________________________. 

9. For each of the following pairs, predict which atom has the higher electronegativity. 

a. Mg, Na     d. Ca, Ba 

b. Na, Al     e. S, O 

c. Cl, I      f. Se, Br 
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Chapter 6 Review 

10. Explain why the word periodic is applied to the table of elements. 

__________________________________________________________________________________

__________________________________________________________________________________ 

11. Why do elements in a group in the periodic table exhibit similar chemical properties? 

__________________________________________________________________________________

__________________________________________________________________________________ 

12. What chemical property is common to the elements in group 8A of the periodic table? Why do these 
elements have this property? 

__________________________________________________________________________________

__________________________________________________________________________________ 

13. In terms of electron configurations, what does the group number of the A-groups in the periodic 
table tell you? 

__________________________________________________________________________________

__________________________________________________________________________________ 

14. Compare and contrast Ionization Energy and Electronegativity 

__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________
__________________________________________________________________________________________

Describe the group and period trends in the following atomic properties. 

a. atomic radius__________________________________________________________________ 

b. electronegativity __________________________________________________________________ 
c. first ionization energy 

__________________________________________________________________________________ 

d. ionic radius 

__________________________________________________________________________________ 

15. Describe the relationship between the electronegativity value of an element and the tendency of that 
element to gain or lose electrons when forming a chemical bond. 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________ 
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Periodic Trends Worksheet 
Use the periodic table and your knowledge of periodic trends to answer the following questions. 

1. Which atom in each pair has the larger atomic radius? 
a) Li or K          b) Ca or Ni        c) Ga or B        d) O or C         e) Cl or Br 

f) Be or Ba        g) Si or S           h) Fe or Au 

2. What is the periodic trend for atomic size from top to bottom in a group? 

_________________________________________________________________________ 

3. What is the periodic trend for atomic size from left to right in a period?  

_________________________________________________________________________ 

4. Why do atoms get smaller as you move left to right in a period? 

_________________________________________________________________________ 
 
5. Which element in each pair has a larger ionization energy? 

a) Na or O        b) Be or Ba        c) Ar or F         d) Cu or Ra         e) I or Ne  

f) K or V          g) Ca or Fr         h) W or Se  

6. Explain the relationship between the relative size of an ion to its neutral atom and the charge 
on the ions.  

_________________________________________________________________________

_________________________________________________________________________ 

7. Which particle has the larger radius in each atom/ion pair? 
a) Na, Na+          b) S, S2-          c) I, I-           d) Al, Al3+   

8. What is ionization energy? What is first ionization energy? 
_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________ 

9. What is the periodic trend for first ionization energy?  
_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________ 
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Practice: Periodic Trends       Exceed to Succeed 
1. ATOMIC RADIUS For each of the following sets of atoms, rank the atoms from smallest to 
largest atomic radius. 

a. Li, C, F 

b. Li, Na, K 

c. Ge, P, O 

d. C, N, Al 

e. Al, Cl, Ga 

2. IONIC RADIUS For each of the following sets of ions, rank them from smallest to largest 
ionic radius. 

a. Mg2+, Si4-, S2- 

b. Mg2+, Ca2+, Ba2+ 

c. F-, Cl-, Br- 

d. Ba2+, Cu2+, Zn2+ 

e. Si4-, P3-, O2- 

3. IONIZATION ENERGY For each of the following sets of atoms, rank them from lowest to 
highest ionization energy. 

a. Mg, Si, S 

b. Mg, Ca, Ba 

c. F, Cl, Br 

d. Ba, Cu, Ne 

e. Si, P, He 

4. ELECTRONEGATIVITY For each of the following sets of atoms, rank them from lowest 
to highest electronegativity. 

a. Li, C, N 

b. C, O, Ne 

c. Si, P, O 

d. K, Mg, P 

e. S, F, He 



 42 

 
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      

 
 
 
 

                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      

 
 
 

                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      
                      



  43 

 

Trends in the Periodic Table  
The ionization energy or ionization potential is the energy necessary to remove an electron 
from the neutral atom. It is a minimum for the alkali metals which have a single electron 

outside a closed shell. The first ionization energy, the energy to remove the first electron, generally 
increases across a row on the periodic maximum for the noble gases which have closed shells. An element 
often has multiple ionization energies, which correspond to the energy needed to remove first, second, 
third, and so forth electrons from the atom. For example, sodium requires only 496 kJ/mol to ionize it 
while neon, the noble gas immediately preceding it in the periodic table, requires 2081 kJ/mol. The 
ionization energy can be thought of as a kind of counter (opposite) property to electronegativity. A low 
ionization energy implies that an element readily gives electrons to a reaction, while a high 
electronegativity implies that an element strongly seeks to take electrons in a reaction.  Electronegativity 
is a measure of the ability of an atom of an element to attract electrons toward itself in a chemical bond. 
The values of electronegativity calculated for various elements range from one or less for the alkali 
metals to three and one-half for oxygen to about four for fluorine. Ionization energy is the energy it takes 
to remove an electron from an atom. Generally in the periodic table, ionization energy and electronegativity 
increase from left to right because of increasing numbers of protons and decrease from top to bottom 
owing to an increasing distance between electrons and the nucleus. The atomic radius increases because the 
electron cloud which makes up most of the size gets bigger as the electrons fill energy levels away from 
the nucleus. Atomic sizes generally decrease from left to right 
and increase from top to bottom for the same reasons. 
Exceptions to these general trends in properties occur. 
 
1. On the top, plot a graph of atomic number (x-axis)  vs. 

ionization energy (y-axis left) and middle plot 
electronegativity (y axis right) and atomic number (x-axis). 
On the bottom plot a separate graph of atomic radius vs. 
atomic number.  For each graph connect successive dots 
with straight lines.  Also, ensure that identical atomic 
numbers are plotted on the same vertical position on the 
sheet (i.e. atomic number 1 in the top graph should be on the 
same line as atomic number 1 in the bottom graph). 

2. Answer the following questions  in a paragraph form to be 
glued as a flip out. 

a) Examine your graph of ionization energy (IE) vs. atomic 
number.  Which elements are found at the main peaks on 
your graph (there should be 3) and what do these elements 
have in common?  

b) Which elements are found at the main valleys on IE vs 
atomic number graph (there should be 3) and what do these 
elements have in common?  

 
c) Examine your graph of atomic radius verses atomic 

number.  Which elements are found at the peaks on your graph and what do these elements have in 
common?  

d)  Which elements are found at the valleys on your graph? What do these elements have in common?  
 
e) How are atomic radii and ionization energy related (i.e. as atomic radius increases, what happens to the 

ionization energy)? 

Atomic 

Number 

Element 

Symbol 

Ionization 

Energy, 1st 

(kJ/mol) 

Electro-

negativity 

 

Atomic 

Radius 

(pm) 

1 H 1312 2.2 32 
2 He 2372  31 
3 Li 520 0.98 123 
4 Be 899 1.57 90 
5 B 801 2.04 82 
6 C 1086 2.55 77 
7 N 1402 3.04 75 
8 O 1314 3.44 73 
9 F 1681 4.00 72 
10 Ne 2081  71 
11 Na 496 0.93 154 
12 Mg 738 1.31 136 
13 Al 578 1.61 118 
14 Si 786 1.90 111 
15 P 1012 2.19 106 
16 S 1000 2.58 102 
17 Cl 1251 3.16 99 
18 Ar 1521  98 
19 K 419 0.82 203 
20 Ca 590 1.00 174 
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PRACTICE BALANCING CHEMICAL REACTION EQUATIONS 
1. Tell which chemicals are the reactants and which are the products in each reaction? 

2H2 + 02 -----> 2H20 
reactants: 
products: 

 
How many atoms of hydrogen are on the reactant side of the first equation? 
How many oxygen atoms are on the reactant side of the first equation? 
 
How many hydrogen atoms are on the product side of the first equation? 
How many oxygen atoms are on the product side of the first equation? 
 

2.     CH4 + 202 -----> CO2 + 2H20 
reactants: 
products: 
How many H atoms are on the reactant side of the second equation? 
How many oxygen atoms are on the reactant side of the second equation? 
How many carbon atoms are on the reactant side of the second equation? 
 
How many H atoms are on the product side of the second equation? 
How many oxygen atoms are on the product side of the second equation? 
How many carbon atoms are on the product side of the second equation? 

 
Quick Write: Are there the same number of each kind of atom on both reactant and 
product sides of each chemical equation? Explain how to verify an equation is balanced. 

 
______________________________________________________________ 

________________________________________________________________

________________________________________________________________

________________________________________________________________

________________________________________________________________ 

Summarize pg 63-64 Conservation of Mass 
__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 
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BALANCING CHEMICAL REACTION EQUATIONS 

A great deal of what chemists do centers around chemical equations. In this section we will look 
at some common terms and concepts related to simple chemical equations. Each chemical equation 
involves the chemicals that are mixed together (which we call the reactants) and the chemicals 
that are produced (which we call the products.) The reactants are on the left side of the arrow 
and the products are on the right. 
In this reaction, one atom of Ca reacts with one atom of S to make one molecule of CaS or one 
mole of Ca reacts with one mole of S to make one mole of CaS 
EXAMPLE 1  Ca + S ---> CaS    reactants:  

products:  

EXAMPLE 2  
2C2H6  +  702 ----> 4C02 + 6H20   reactants:  

products:  

 
 
Characteristics of Chemical Reactions and Nuclear Reactions (pg 805) 
Chemical Reactions Nuclear Reactions 
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On the sun, three steps are needed to create helium from hydrogen (nuclear fusion).  In the third 
step, two helium-3 atoms react to form helium-4 and two hydrogen atoms. 

 
 
 

Quick Write: Explain the difference between nuclear fusion and nuclear fission 
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Nuclear chemistry is the study of the structure of atomic nuclei and the changes they undergo.  

Nuclear reactions -  reactions that involve a change in an atom’s nucleus.  

Radioactivity – the process by which unstable nuclei spontaneously emit radiation to attain more stable 
atomic configurations.  During radioactive decay, unstable atoms lose energy by emitting 
one of several types of radiation.  

Radiation – the rays and particles emitted by radioactive source 

Radioisotopes – isotopes of atoms with unstable nuclei. 
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Write a balanced equation for each of the following nuclear reactions: 

1.   Chlorine-36 decays by beta emission          

2.   Dubnium-262 decays by alpha emission           

3.   Krypton-87 decays by beta emission             

4.   Curium-240 decays by alpha emission             

5.   Uranium-232 decays by alpha emission             

6.   Silicon-32 decays by beta emission             

7.   Zinc-71 decays by beta emission             

8.   Phophorous-32 decays by beta emission            

9.   Americium-243 decays by alpha emission            

10.  Cobalt-60 decays by beta emission             

11.  Gadolinium-150 decays by alpha emission            

12.  Lead-210 decays by emitting both a            
beta and an alpha particles.  

 

Properties of Alpha, Beta, and Gamma Radiation 

Property Alpha radiation Beta radiation Gamma radiation 

Composition Alpha particle 

(helium nucleus) 

Beta particle 

(electron) 

High-energy electro- 

magnetic radiation 

Symbol , He 

 

,    

Charge 2+ 1- 0 

Mass 4 amu 1/1837 amu 0 

Common source Radium-226 Carbon-14 Cobalt-60 

Penetrating power 

How strong radiation is 

Low (0.05 mm body 
tissue) 

Moderate (4 mm body 
tissue) 

Very high (penetrates 
body easily) 

Shielding 

Blocked by 

Paper, clothing Metal foil Lead, concrete 
(incompletely shields) 
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Types of Nuclear Decay 
Nuclear change or decay is an exothermic process. That is every decay results in a nucleus that contains 
less energy. The emission of different types of radiation is one way that a nucleus can become less 
energetic, since the radiation carries away excess energy.  

The stability of a nuclide partly depends on the relative number of neutrons and protons it contains. In 
some cases, having too many neutrons is the cause of the instability. Nuclear physicists investigate why one 
nuclide, like neon-20, is stable and another nuclide, like neon-19, undergoes nuclear decay. Stable nuclides 
are recognized experimentally because they do not change.  

Unstable nuclides decay in order to reach stability. Changing to a stable nuclide may involve one or more 
decays. 

In nuclear decay, the initial nucleus is called the parent nuclide, and the new nucleus that results is called 
the daughter nuclide. It is useful to write equations to represent what occurs during a nuclear reaction. An 
equation representing a nuclear reaction is balanced when the sum of the atomic numbers on the right is 
equal to the sum of the atomic numbers on the left.  Also, the sum of the mass numbers on the right and 
left sides must be equal. 

Alpha Decay:                            +         
Uranium-238                        thorium-234              alpha particle 
 

           +        
            Radium-226                            radon-222               alpha particle 

When an atom loses an alpha particle, the atomic number of the product atom is lowered by two and  
 its mass number is lowered by four. 
 
Beta Decay:                        +            ( emission) 
           Carbon-14                   nitrogen-14                 beta particle 
                                               (radioactive)                   (stable) 
 

        +         
                                         Iodine-131               xenon-131            beta particle                  

 Beta particle is an electron resulting from the breaking apart of neutron into a proton (which 
remains in the nucleus) and a fast-moving electron (which is released).             

              
 When an atom releases a beta particle, the atomic number of the product atom is increased by one 

but the mass number remains the same.  It contains an additional proton and one fewer neutron.        
 
Gamma Radiation:                       +                   +             
          Thorium-230                              Radium-226                  alpha                 gamma 
                                                                                                                                        particle              particle 

 
                         +              +      2  

                                                     Uranium-238                     thorium-234           alpha                   gamma  
                                                            particle               particle 

• Because gamma rays are photons of light so have zero charge and zero mass number, they have no 
effect on mass number or atomic number, it is customary to omit them from nuclear equations.  
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Nuclear Chemistry Introduction5,6 
Radiation is all around us. It comes from the Earth and from outer space. Many forms of radiation are 
invisible -- we can't feel it, see it, taste it, or smell it. Yet, it can be detected and measured when present. 
We measure ionizing radiation in units called millirems. But what is radiation? Radioactive materials are 
composed of atoms that are unstable. An unstable atom gives off its excess energy until it becomes 
stable. The energy emitted is radiation. We can classify radiation as being either natural and man-made. 

The Earth is surrounded by radiation. Every day, for example, we are exposed to radon, a radioactive 
gas from uranium found in soil dispersed in the air; from radioactive potassium in our food and water; 
from uranium, radium, and thorium in the Earth's crust; and from cosmic rays and the sun. 

These types of radiation are called natural or background radiation. In the U.S. we are exposed to an 
average of 300 millirems of natural radiation each year (a millirem is a unit of measure for exposure to 
radiation). This amounts to natural radiation accounting for about half of our total annual exposure. 
Where does the remaining 50 percent come from? Man-made sources — mostly medical procedures. 

Man-made radiation sources that people can be 
exposed to include tobacco, television, medical x-
rays, smoke detectors, lantern mantles, nuclear 
medicine, and building materials. 

  

Adding it all up, the average American is exposed 
to a total of about 620 millirems a year from 
natural and man-made radiation. 

Generally, when we think of exposure to radiation, we need to look at radioactive atoms produced in 
nuclear reactors and described as being unstable. They are unstable because they undergo a 
disintegrating process called decaying. During this process, unstable atoms becomes stable, throwing off 
(emitting) radiation in the form of rays and/or particles. 

How fast a radioactive atom decays into a stable atom depends on the atom itself. For example, the 
range in the rate of decay among isotopes goes from fractions of seconds to several billion years (e.g., 
uranium). Let's take a look at uranium-238 to illustrate the decay chain. 

 

As U-238 decays it changes into thorium-230, which changes into radium-226, which changes into 
radon-218, which changes into bismuth-214, and finally into lead-206 (a stable element). 

                                                            
5 http://www.nrc.gov/reading‐rm/basic‐ref/teachers/unit1.html#class_activities 
6 http://serc.carleton.edu/quantskills/methods/quantlit/RadDecay.html created by Jennifer M. Wenner, Geology Department, University of Wisconsin‐

Oshkosh 
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Radioactivity: A steady but unpredictable (spontaneous) process 

Radioactivity and radioactive decay are spontaneous processes. It is impossible to know 
exactly when each of the radioactive elements in a rock will decay. Statistical probability is 
the only thing we can know exactly. Radioactive decay is a random and spontaneous process 
that cannot be exactly predicted. 

Radioactive decay involves the spontaneous transformation of one element into another. The only way 
that this can happen is by changing the number of protons in the nucleus (an element is 
defined by its number of protons). There are a number of ways that this can happen and 
when it does, the atom is forever changed. There is no going back -- the process is 
irreversible.  This is very much like popping popcorn. When we pour our popcorn kernels 
into a popcorn popper, the is no way to know which will pop first. And once that first kernel pops, it will 
never be a kernel again...it is forever changed! (And coincidentally, much yummier!) 

One peculiar thing about radioactive atoms is that no one knows exactly when the element will decay 
and give off radiation. There is, however, a pattern relating to how long it takes for an isotope to lose 
half of its radioactivity. The pattern is called half-life. If an atom, for example, has a half-life of 
1,000,000 years, half of its atoms will decay in 1,000,000  years. Then in another 1,000,000  years half 
of that amount will decay and so on. While there are several different forms of radiation, we're going to 
concentrate on just three that result from the decay of radioactive isotopes: alpha, beta, and gamma. 

Beta particles are high energy electrons. Both alpha and beta particles are emitted from unstable 
isotopes. The alpha particle, consisting of two protons and two neutrons, is relatively large compared to 
beta particles which are about the size of an electron. Gamma rays have no mass. 

Because of its size and electrical charge (+2), the alpha particle has a relatively slow speed and low 
penetrating distance (one to two inches in air). Alpha particles are easily stopped by a thin sheet of paper 
or the body's outer layer of skin. Since they do not penetrate the outer (dead) layer of skin, they present 
little or no hazard when they are external to the body. 

However, alpha particles are considered internal hazards, because when they come into contact with live 
tissue they cause a large number of ionizations to occur in small areas, thus causing damage to tissues 
and cells. 

Beta radiation, while faster and lighter than alpha radiation, can travel through about 10 feet of air and 
penetrate very thin layers of materials such as aluminum foil. However, while clothing will stop most 
beta particles, they can penetrate the live layers of skin tissue. Therefore, beta radiation is considered to 
be both an internal and external (to skin only) hazard. Thin layers of metals and plastics can be used to 
shield individuals from beta radiation. 

Gamma radiation, high energy light, is a little different. It is a type of electromagnetic wave, just like 
radio waves, light waves, and x-rays. Gamma radiation is a very strong type of electromagnetic wave. It 
is has no weight and travels at the speed of light. This is much faster than alpha and beta radiation. 
Because of their penetrating capability, gamma rays are considered both internal and external hazards. 
Thick walls of cement, lead, or steel are needed to stop it. 

Alpha, beta, and gamma radiations are also known as ionizing radiation. Ionizing radiation is especially 
harmful because it can change the chemical makeup of many things, including the delicate chemistry of 
the human body and other living organisms. For this reason it is a good idea to avoid unnecessary 
exposure to all ionizing radiation. 
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The problem is simply this: large amounts of radiation -- far above the levels encountered in daily life -- 
can produce cancer and genetic defects in living organisms. Radiation causes damage and alters the 
body's normal cells and normal cell function. This breakdown in normal cell function may result in an 
uncontrolled growth of cells, hence the potential for malignant/cancerous tumors. 

Whether the source of radiation is natural or man-made, whether it is a small dose of radiation or a large 
dose, there will be some biological effects. A diagram can show the biological effect of ionizing 
radiation. Radiation causes ionizations of atoms that will affect molecules that may affect cells that may 
affect tissues that may affect organs that may affect the whole body.  

Personal Annual Radiation Dose Calculator 

 

 

Although we tend to think of biological effects in terms of the effect of radiation on living cells, in 
actuality, ionizing radiation, by definition, interacts only with atoms by a process called ionization. 
Thus, all biological damage effects begin when radiation interacts with atoms forming the cells in the 
human body. As a result, radiation effects on humans proceed from the lowest to the highest level as 
noted on the board. 

What about Carbon-14?  

Carbon-14 is special for two reasons.  

1. With 14C, we can only calculate the age of something that was once living 
(contains organic carbon). Since (most) rocks were never alive, we can't use this to 
date a rock. 

2. The half life of 14C is geologically short -- 5730 years -- and is therefore not useful for materials 
older than about 35,000 years. That's well over 4 billion years of geologic history that we can't touch.  

So, what geologists and archaeologists date when they use 14C is the death of an organic lifeform. Most 
geologists want to know the age of crystallization or metamorphism of rocks that are millions or billions 
of years old -- 14C won't work for that. 

Examples of how the radiation has been used to -- 

 Diagnose and treat illnesses 
 Kill bacteria and preserve food without chemicals and refrigeration 
 Process sludge for fertilizer and soil conditioner 
 Locate underground natural resources and tell a dry hole from a gusher 
 Make smoke detectors, nonstick frypans, and ice cream 
 Grow stronger crops 
 Power satellites and provide future electrical needs for space laboratories with people on board 
 Design instruments, techniques, and equipment; measure air pollution 
 Prove the age of works of art and assist in determining their authenticity 
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Thorium 232 Decay Series 
Uranium, radium, and thorium occur in three natural decay series, headed by uranium-238, 
thorium-232, and uranium-235, respectively.  Radioactive decay occurs when an unstable 
(radioactive) isotope transforms to a more stable isotope, generally by emitting a subatomic 
particle such as an alpha or beta particle. Gamma radiation is not a mode of radioactive decay 
(such as alpha and beta decay). Rather, it is a mechanism by which excess energy is emitted from 
certain radionuclides, i.e., as highly energetic electromagnetic radiation emitted from the nucleus 
of the atom.  Thorium-232 undergoes radioactive decay until a stable isotope is reached. Write the 
reactions for the decay of Th-232. There are ten steps beginning with Alpha decay with each 
product becoming the reactant of the next decay. Circle the final stable isotope - Lead. 

• Alpha: 

• Beta: 

• Beta: 

• Alpha: 

• Alpha: 

• Alpha: 

• Alpha: 

• Beta: 

• Beta: 

• Alpha: 

Quickwrite: Explain the difference between alpha, beta, and gamma radiation 

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________ 
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Increasingly, our country has become a nation of electricity users. We depend on an abundant 
affordable supply of energy to power the many machines we use in our complex society. Can 
you imagine what it would be like not having electricity in your home? About one-third of our 
energy resources are used to produce electricity. 

Electricity can be produced in many ways -- most of which you already know about. Today, we're going 
to talk about one of those ways -- nuclear fission. In America, nuclear energy plants are the second 
largest source of electricity after coal -- producing approximately 21 percent of our electricity. There is 
something I want all of you to be aware of: The purpose of a nuclear power plant is to produce 
electricity. 

While nuclear power plants have many similarities to other types of electricity generating plants, there 
are some significant differences. With the exception of solar, wind, and hydroelectric plants, all others 
including nuclear convert water to steam that spins the propeller-like blades of a turbine that spins the 
shaft of a generator. Inside the generator coils of wire and magnetic fields interact to create electricity.  

The energy needed to boil water into steam is produced in one of two ways: by burning coal, oil, or gas 
(fossil fuels) in a furnace or by splitting certain atoms of uranium in a nuclear energy plant. Nothing is 
burned or exploded in a nuclear energy plant. Rather, the uranium fuel generates heat through a process 
called fission. 

What Is Fission? Where Does It Take Place? 

Uranium is an element that can be found in the crust 
of the Earth. This element, quite abundant in many 
areas of the world, is naturally radioactive. Certain 
isotopes of uranium can be used as fuel in a nuclear 
power plant. The uranium is formed into ceramic 
pellets about the size of the end of your finger. These 
pellets are inserted into long, vertical tubes (fuel rods) 
within the reactor. The reactor is the heart of the 
nuclear power plant. Basically, it is a machine that 
heats water. 

A reactor has four main parts: the uranium fuel 
assemblies, the control rods, the coolant/moderator, 
and the pressure vessel. The fuel assemblies, control 
rods, and coolant/moderator make up what is known 
as the reactor core. The core is surrounded by the 
pressure vessel.  We also have to understand that uranium cannot just be thrown into a reactor the way 
we shovel coal into a furnace. The fuel rods, containing the uranium, are carefully bound together into 
fuel assemblies, each of which contains about 240 rods. The assemblies hold the rods apart so that when 
they are submerged into the reactor core, water can flow between them. 

When the uranium atom splits, it releases energy and two or more neutrons from its nucleus. These 
neutrons can then hit the nuclei of other uranium atoms causing them to fission. The sequence of one 
fission triggering others, and those triggering still more, is called a chain reaction. When the atoms split, 
they release energy in the form of heat. The heat is transferred from the reactor core to the steam 
generator. Here, it's converted to high pressure steam which turns the turbine in the electric generator.  
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The control rods slide up and down in between the fuel assemblies in the reactor core. They control or 
regulate the speed of the nuclear reaction by absorbing neutrons. Here's how it works: When the control 
rods absorb neutrons, fewer neutrons hit the uranium atoms thus slowing down the chain reaction. On 
the other hand, when the core temperature goes down, the control rods are slowly lifted out of the core, 
and fewer neutrons are absorbed. Therefore, more neutrons are available to cause fission. This releases 
more heat energy. 

Just as there are different types of houses and cars, there are different types of nuclear power plants that 
generate electricity. The two basic types being used in the United States are the boiling water reactor 
(BWR) and the pressurized water reactor (PWR). These power plants are often referred to as light water 
reactors. 
Boiling Water Reactor (BWR) 
The boiling water reactor operates in essentially the same way as a fossil fuel generating plant. Neither 
of these types of power plants have a steam generator. Instead, water in the BWR boils inside the 
pressure vessel and the steam water mixture is produced when very pure water (reactor coolant) moves 
upward through the core absorbing heat. The water boils and produces steam. When the steam rises to 
the top of the pressure vessel, water droplets are removed, the steam is sent to the turbine generator to 
turn the turbine. 
Pressurized Water Reactor (PWR) 
The pressurized water reactor differs from the BWR in that the steam to run the turbine is produced in a 
steam generator. Water boils at 212°F or 100°C. If a lid is tightly placed over a pot of boiling water (a 
pressure cooker), the pressure inside the pot will increase because the steam cannot escape. As the 
pressure increases, so does the temperature of the water in the pot. In the PWR plant, a pressurizer unit 
keeps the water that is flowing through the reactor vessel under very high pressure to prevent it from 
boiling. The hot water then flows into the steam generator where it is converted to steam. The steam 
passes through the turbine which produces electricity. About two-thirds of the reactor power plants in 
the U.S. are of the PWR type.  

Questions from "Nuclear Reactors/Energy Generation" Unit Outline: 

Q:  Is there a nuclear power plant near where you live? What type is it? 

     

 

Q:  Why don't boiling water reactors have steam generators? 

 

 

Q:  What is the purpose of a "cooling tower"? 

 

Q:  What percentage of our electricity in the U.S. is produced in nuclear power plants? 

     

Q:  Name the two types of reactor power plants in operation the U.S. What are the basic differences? 
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Nucleons:       Georgia Movie Notes Atomic Episode 1501 
• are particles occupying the ______________  
• consist of __ charged ___________ and ____________ _____________  
• have almost 2000times the _________ of ________________  
• are made up of ____________ and ____________  
Nuclear Notation: 

mass ________ (    ) = ________+ _________ 

atomic _________ (   ) = no. of ________ (= _________ )  

 has _____ protons and ______ neutrons, for a total of _______ nucleons.  

 has _____ protons and ______ neutrons, for a total of _______ nucleons.  

isotopes:  
atoms of ________ element with different numbers of _________ (different _______)  

Forces Acting on Nucleons:  
strong forces – forces of____________ between nucleons  

are independent of the __________ of the nucleon  
are short range (exist only between ____________ neighbors)  

electrical force - _____________________ 
• force of ____________ between _____ charged protons  
• are long range  

When are nuclei unstable?  

a. large nuclei (Z > 82) - electrical forces of ____________ are greater than strong 
forces of ____________  

b. wrong neutron : proton _________________________  

A radioactive isotope:  
• has an _____________ nucleus  
• spontaneously emits a __________ and ________ into another element 
• transmutation – changing into another __________ through radioactive decay 
Types of Radioactive Emission:  
 

 Symbol Composition Stopped By  

alpha     

beta     

gamma     
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Nuclear Equations: 

alpha decay:  

 
beta decay:  

 
During beta decay, a neutron changes into a proton and an ____________.  

 
half-life:  
 the ________ it takes for ________ the ________ of a radioactive sample to 

_________  
 ranges from a fraction of a __________ to billions of ___________  
 is _______ affected by __________________________________ 

Note Taking Guide: Episode 1502  
natural transmutation  
Uranium spontaneously decays.  

artificial transmutation -bombardment of a stable isotope to force it to 

 
When the bullets are ___ charged, they are ____________ by the nucleus they are 
bombarding. To overcome the repulsions, they must be ________________ to very high 
speeds by ________________ accelerators.  

nuclear fission -Heavy nuclei are bombarded with neutrons and split.  

Mass of particles produced is slightly ______ than the mass of the reactants. This mass is 
converted into ___________. (E =     ) 

 

critical mass: ________ mass of ___________ material required for a ____ ____________  

nuclear reactors: control fission ___________ reactions to produce energy dangers:  

nuclear fusion -combination of ______ nuclei into _____ with release of  

Mass of particles produced is much ______ than the mass of the __________. This _______ is 
converted into energy. (E =              )  
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The three types of natural radioactive decay that can be emitted by a radioactive substance are: alpha radiation, α, beta radiation, β, and 
gamma rays, γ.  

 α represents the nucleus of a helium atom. It carries a superscripted mass number of 4 and a subscripted atomic number of 2. It has a charge 
of +2.  
β represents an electron, with a charge of -1, which has been released from the nucleus when a neutron decays into a proton and  an electron  
In formulas it can also appear as an e with a superscripted mass number of 0 and a subscripted atomic number of -1   
γ represents radiation released when the nucleus settles to a lower energy level. It has short wavelengths like x-rays [which are produced 
when excited electrons fall into vacancies in a ground state orbital of atoms with high atomic numbers], is very energetic, and has no mass.   

 

Neutron Bombardment 

Alpha Bombardment 

 
 
Positron emission 
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ALPHA, BETA AND GAMMA RADIATION  Video Link  
 

 
 
QUICK WRITE 

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________________________________

____________________________________________________________ 
 
BALANCING NUCLEAR REACTIONS  AND DETERMINING TYPE OF NUCLEAR REACTION 
 

 
1.                             +                               Type : 

 
 

2.                                        +                                    Type :          

 
 

3.                                          +          Type :          

 
 

4.                                       +                                      Type :          

 
5. Oxygen-16 plus a neutron results in the formation of another element and the release of 

an alpha particle. 
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HALF‐LIFE ‐Radioactive elements have a characteristic half‐life that is known for many isotopes. This 

is used very often for dating fossils and “viewing” the inside of the body with radioactive tracers.  
Easy way: the easy way can only be used if the time is an integer multiple of the half life.   
For example, if the half‐life of an isotope is 

15 days, how much of a 128g sample 

would remain after 10 days, 20 days, 30 

days, 40 days, and 50 days?  To answer this, simply 

take the starting amount and cut it in half (128g /2 = 

64g after 10 days).  Then use this answer as your new 

starting amount and cut it in half.  (64g / 2 = 32g after 20 days). 

Half‐life Practice Worksheet 

1. Sodium‐24 has a half‐life of 15 hours.  How much sodium‐24 will remain in an 18.0 g sample after 60 hours? 
 

 

2. After 42 days a 2.0 g sample of phosphorus‐32 contains only 0.25 g of the isotope.   What is the half‐life of 
phosphorus‐32? 

 

 

3. Polonium‐214 has a relatively short half‐life of 164 seconds.  How many seconds would it take for 8.0 g of 
this isotope to decay to 0.25 g? 

 

 

4. How many days does it take for 16 g of palladium‐103 to decay to 1.0 g?  The half‐life of palladium‐103 is 17 
days. 

 

What is radioactivity? _______________________________________________________________________  

_________________________________________________________________________________________ 

What is nuclear radiation? ___________________________________________________________________  

_________________________________________________________________________________________ 

What is half‐life? __________________________________________________________________________  

If we start with 400 atoms of a radioactive substance, how many would remain after one half‐life?_________ 
after two half‐lives? _________ after three half‐lives? ___________ after four half‐lives? ________  

If we start with 48 atoms of a radioactive substance, how many would remain after one half‐life?_________ 
after two half‐lives? _________ after three half‐lives? ___________ after four half‐lives? _______  

If we start with 16 grams of a radioactive substance, how much will remain after three half‐lives?  

 
If we start with 120 atoms of a radioactive substance, how many will remain after three half‐lives?  

Mass
(g) 

Time 
(days) 

Percent 
Remaining

Mass 
Remaining 

Mass 
Decayed 
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HALF- LIFE REACTIONS 
 Half-life is the time required for half of the atoms of a radioactive isotope to undergo decay. Some 
isotopes are very stable, undergo decay very slowly, and have extremely long half-lives. Uranium-238 has a 
half-life of 4.46 billion years! Other isotopes are extremely unstable, and have short half-lives. The 
isotope francium-233 has a half-life of 22 minutes. That means that if you possessed 10 grams of 
francium-233, after only 22 minutes you would have 5 grams of francium-233, while the remainder of the 
atoms would have been converted by some decay processes to other elements.  
 
While it is possible to predict the percentage of atoms of an isotope that will undergo decay in a certain 
time span, it is not possible to predict which individual atoms within a sample will be the ones to undergo 
decay. The inability to solve this perplexing problem prompted a frustrated Albert Einstein to say, “God 
does not play dice with the Universe!” Half life is the time it takes for the radioactive material to decay to 
½ of the original amount 
 

Uranium-238 decays through alpha decay with a half-life of 4.46 x 109 years. 
a. Write the equation for this nuclear reaction. 

 

b.  If I start with 2 grams of Uranium after one half-life I would have 1 gram of uranium remaining.   
 After 2 half – lives I would have 

 After 3 half lives I would have 

 After 4 half lives I would have 

c. How long would it take for 7/8 of the sample of uranium-238 to decay? 
 How many half-lives have passed? 
  
 How long is a half-life? 
 
 Total time elapsed. 
 
d.  A radioactive element has a half-life of 8 years. If you have originally a 4 g sample of this element and 
24 years has elapsed, what mass will remain undecayed.? 
 

Japan's nuclear crisis prompts U.S. run on iodine pills despite 
no threat. Major suppliers of pills that provide protection from 
radiation say they're out of stock due to panic buying, even 
though experts say that the Japanese nuclear catastrophe 
poses no health threat to Americans.  

It's a different story in Japan, where a failing nuclear plant 
spewed out more radiation on Tuesday, as the crisis concluded 
its fifth day. With thyroid cancer posing the most immediate 
health risk, Japanese officials made plans to distribute potassium iodide pills in an attempt to prevent it.7 

Think Pair Share – Why would not radioactive iodine be a problem for U.S. 
                                                            
7 http://www.mcclatchydc.com/2011/03/15/110501/japans-nuke-crisis-prompts-u-s.html#ixzz1X7nPA0AD 
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Practice Problems – Half-life Write one sentence explaining your answers. 

1.   How much of a 100.0 g sample of 198Au is left after 8.10 days if its half-life is 2.70 days? 

 

 

 

 

 

2.   A 50.0 g sample of 16N decays to 12.5 g in 14.4 seconds.  What is its half-life? 

 

 

 

 

 

 

5.   The half-life of 232Th is 1.4 x 1010 years.  If there are 25.0 g of the sample left after 2.8 x 
1010 years, how many grams were there in the original sample? 

 

 

 

 

 

6.   There are 5.0 g of 131I left after 40.35 days.  How many grams were in the original sample if 
its half-life is 8.07 days? 
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7.   Iron-59 is used to diagnose blood circulation disorders.  The half-life of iron-59 is 44.5 days.   
How much of 2.00-mg sample will remain after 133.5 days? 

 

 

 

 

8.   If gallium-68 has a half-life of 68.3 minutes,  how long will it take for ¼ to decay? 

 

 

 

 

9.   If the passing of five half-lives leaves 25.0 mg of strontium-90 sample, how much was present 
in the beginning? 

 

 

 

Quick Write: Explain how to solve half-life problems when solving for total and  solving for half-
life  Include the information needed for each type of problem. 

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________

__________________________________________________________________________________ 

__________________________________________________________________________________ 

__________________________________________________________________________________ 
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AVIDWeekly  
Decades of College Dreams  

When the Waste Is Nuclear  
By Frank von Hippel  

 

The Yucca Mountain nuclear waste repository project 

is now comatose, if not dead. And that puts us back at 

square one on a crucial question: What are we going to 

do with all the radioactive waste being discharged by 

U.S. nuclear power reactors?  

Many conservatives on Capitol Hill favor the 

French "solution": spent-fuel reprocessing. But 

reprocessing isn't a solution at all: It's a very 

expensive and dangerous detour.  

Reprocessing takes used or "spent" nuclear fuel and 

dissolves it to separate the uranium and plutonium from the 

highly radioactive fission products. The plutonium and 

uranium are then recycled to make new reactor fuel, 

thereby reducing the amount of fresh uranium required by 

about 20 percent. But based on French and Japanese 

experience, the cost of producing this recycled fuel is 

several times that of producing fresh uranium reactor fuel.  

In the past, about half of France's reprocessing capacity 

was used to process spent fuel from foreign reactors. 

Because of the high cost, however, virtually all of those 

foreign customers have decided to follow the U.S. example 

and simply store their used reactor fuel.  

The French reprocessing company AREVA claims that 

its method reduces the volume and longevity of the 

radioactive waste produced by nuclear power reactors. But 

when you take into account the additional radioactive 

waste streams created by reprocessing and plutonium 

recycling, the volume of the long-lived radioactive waste is 

not reduced. And most of the recycled plutonium is neither 

destroyed nor reused. Its isotopic makeup makes it difficult 

to use in existing reactors, so AREVA simply stores most of 

it at the reprocessing plant.  

Reprocessing as practiced in France amounts to an 

expensive way to shift France's radioactive waste 

problem from its reactor sites to the reprocessing plant.  

For some of AREVA's customers, that is the point. 

When I asked the fuel managers of Japan's nuclear 

utilities why they reprocess, their answer was that they 

would love to store their spent Fuel on site as the U.S. 

does until an underground radioactive waste repository 

becomes available. But local governments have 

vetoed dry-cask storage at their nuclear power plants. 

The stark choice for the industry, therefore, is to either 

pay for reprocessing or shut down all of Japan's 53 

power reactors.  

Reprocessing is enormously dangerous. The 

amount of radioactivity in the liquid waste stored at 

France's plant is more than 100 times that released 

by the Chernobyl accident. That is why France's 

government set up antiaircraft missile batteries 

around its reprocessing plant after the 9/11 attacks.  

Even more dangerous, however, is the fact that 

reprocessing provides access to plutonium, a nuclear 

weapon material. That is why the U.S. turned against it 

after 1974, the year India used the first plutonium 

separated with U.S.-provided reprocessing for a nuclear 

explosion. President Gerald Ford and Henry Kissinger, 

his secretary of State, managed to intervene before 

France and Germany sold reprocessing plants to South 

Korea, Pakistan and Brazil, all of which had secret 

weapons programs at the time.  

Since that time, the U.S. government's argument 

that "we don't reprocess, you don't need to either," has 

been extremely successful. Japan is the only non-

nuclear weapon state that still does today. If the U.S. 

began to reprocess again, that would legitimize another 

route to the bomb for nuclear weapon wannabes.  

The U.S. made the mistake with Yucca Mountain of 

trying to force a repository on an unwilling state. One 

alternative would be to follow the path of Finland and 

Sweden, which have placed their underground 

repositories in communities that already host nuclear 

power plants. They have found that once people in a 

community have accepted a nuclear facility, they view 

the addition of an underground repository as a relatively 

minor issue. 

In the meantime, spent fuel can be safely stored on 

site in dry casks for decades. It is not a permanent 

solution, but there is no reason to panic until we can 

build more permanent facilities. Reprocessing would be 

a panic solution.  

 

Von Hippel, a physicist, is a professor of public and 

international affairs at Princeton University and co-chairs the 

International Panel on Fissile Materials. Previously, he was 

assistant director for national security in the White House 

Office of Science and Technology Policy.  

©2009 LA TIMES-WASHINGTON POST -09-16-09  
 Special to the Los Angeles Times  
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TRIAL BY FIRE 
Framework Standards  The energy carried by electrons either within an atom or as 
electricity can be transformed into light energy.  In chemistry students learn to apply the 
equation E = hv.   
The Bohr model gives a simple explanation of the spectrum of the hydrogen atom. An electron that loses 
energy in going from a higher energy level to a lower one emits a photon of light, with energy equal to the difference 
between the two energy levels. Transitions of electrons from higher energy states to lower energy states yield 
emission, or bright-line, spectra.  Absorption spectra occur when electrons jump to higher energy levels as a result of 
absorbing photons of light. When atoms or molecules absorb or emit light, the absolute value of the energy change is 
equal to hc/λ, where h is a number called Planck’s constant = 6.63 x 10-34J sec, c is the speed of light, and λ is the 
wavelength of light emitted, yielding Planck’s relationship E = hv, where v is c/λ  Albert Einstein determined this 
equation:  energy (in joules) of a photon is equal to Planck's constant times the frequency of the light: 

 

a) If the frequency (v) of a red spectrum line is at 1.60 x 1014 Hz, each photon has how much energy? 

 

b) If the frequency (v)  of a violet spectrum line is at 2.50 x 1014 Hz, each photon has how much energy? 

 

c) On the far ends of the visible spectrum of light, there exists ultraviolet (UV) radiation and infrared (IR) 
radiation. - UV radiation is dangerous. UV radiation is located just past violet on the spectrum. 

- IR radiation is harmless. It is located just past red on the spectrum. 
Based on what you calculated in parts a & b, -why- UV is more dangerous than IR: 

 
What is the flame test? 
The flame test is used to visually determine the identity of an unknown metal of an ionic salt based on the 
characteristic color the salt turns the flame of a bunsen burner. 
How is the test performed? 
First, you need a clean wire loop! Platinum or nickel-chromium loops are most common. They may be cleaned by 
dipping in hydrochloric or nitric acid, followed by rinsing with distilled or deionized water. Test the cleanliness 
of the loop by inserting it into a bunsen burner flame. If a burst of color is produced, the loop was not 
sufficiently clean. Ideally, a separate loop is used for each sample to be tested, but a loop may be carefully 
cleaned between tests. Avoid contamination. 
Flame Test Lab Background 
Chemists began studying colored flames in the 18th century and soon used "flame tests" to distinguish 
between some elements. Different elements burn with different colored flames. Although some of the flames 
you will be seeing will appear similar in color, their light can be resolved (separated) with a prism into distinctly 
different bands of colors on the electromagnetic spectrum (ROYGBIV). These bands of colors are called 
atomic line spectra, and they are UNIQUE to each element. Niels Bohr studied the line spectrum for 
hydrogen, and wondered what the specific line spectrum had to do with the structure of the atom. He 
postulated that an electron can have only specific energy values in an atom, which are called energy levels. 
Bohr believed that the energy levels for electrons were quantized, meaning that only certain, specific energy 
levels were possible. 
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How does an electron move between energy levels? 
By gaining the right amount of energy, an electron can move, or undergo a transition, from one energy level to 
the next. We can explain the emission of the light by atoms to give the line spectrum like this: 
1. An electron in a high energy level (excited state) undergoes a transition to a low energy level 

(ground state). 
2. In this process, the electron loses energy, which is emitted as a photon (a particle which behaves 

like a wave) may be observable as visable light. 
3. The energy difference between the high energy level and the low energy level is related to the frequency 

(color) of the emitted light.  
Flame Test DATA Table 

 
 
 
 
 
 
 
 
 
 
 

Post- Lab Questions:  
1. List the elements that produced the most easily identified colors. 
 
 
2. Which elements were least easily identified?  Explain. 
 
 
3. Why do you think the chemicals have to be heated in the flame first before the colored light is emitted?  
 
 
4. Would flame tests be useful for detecting metal ions present in a mixture of metal ions? 
 
5. The energy of colored light increases in the order:  red, orange, yellow, green, blue, indigo, and violet. 
List the metallic elements used in the flame tests in increasing order based on the energy of the light 

emitted. 
 

6. What happens to an electron when energy is added? 

 

7. What is released when an electron loses energy? 

 

8. During a flame test, ions of a specific metal are heated in the flame of a gas burner. A characteristic color of light 

is emitted by these ions in the flame when the electrons 

a) gain energy as they return to lower energy levels  c) gain energy as they move to higher energy levels 

b) emit energy as they return to lower energy levels  d) emit energy as they move to higher energy Levels 

ION Flame Color Ionic Compound Tested 
Lithium, Li+    
Sodium, Na+   
Potassium, K+   
Calcium, Ca2+   
Barium, Ba2+   
Strontium, Sr2+   
Unknown   
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Common Core Response 
Radium-223 is part of a radioactive decay series that gives off alpha, beta, and gamma radiation.  

a.    Identify the charges on alpha radiation, beta radiation, and gamma radiation. 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________ 

A sample of radium-223 is placed in a lead block and the emitted radiation passes between charged plates, as shown 
below. 

 

b. Describe the path of each type of radiation as it passes between the charged plates. 

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

________________________________________________________________________________

______________________________________________________________ 

If several sheets of aluminum are placed in the path of the radiation emitted from the sample of radium-223, as 
shown below, some radiation would be blocked. 

 

c. Identify which type of radiation the aluminum sheets would least likely block. Explain your answer. 

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 
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Bell Ringers 
9/3/12 – Solve the following conversion problems Show all work 
 Convert 1.5 moles K to atoms K     Convert 11.2 L Cl2 to mol Cl2 
 
 
 
9/4/13 – Explain how an atom, an element, and a compound are related to each other. 
__________________________________________________________________________

__________________________________________________________________________

__________________________________________________________________________ 

9/5/13  - Solve the following conversion problems Show all work 
2500 mL to L      0.004 L to mL 

 
 
 
 
9/6/13 – What are the electrical properties and symbols for the following particles? 

(a) protons  ______________________________________________________________  

(b) neutrons  ______________________________________________________________  

(c) electrons ______________________________________________________________  

9/9/13 Where is each particle located in an atom? 

(a) protons  ______________________________________________________________  

(b) neutrons  ______________________________________________________________  

(c) electrons ______________________________________________________________ 
     

9/10/13   How many grams are 2.5 moles of barium chloride (BaCl2)? 
 
 
  
9/11/13       What does " atomic number” mean? 

___________________________________________________________________________

___________________________________________________________________________ 

9/12/13 Convert 600 mm Hg to in Hg 
 
 
     

9/13/13 Express 0.006214 in scientific notation? 
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9/16/13 What is the difference between a chemical family and a period in the periodic table? 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

9/17/13 How does an atom become an ion?  

______________________________________________________________________________________________

______________________________________________________________________________________________ 

 
9/18/13 Draw a Bohr diagram showing the number of protons and total electrons in an atom of: 
(a) carbon     (b) chlorine     (c) aluminum 

 

 

 
 
 
9/19/13 - Select the elements in order of decreasing electronegativity. 
Arrange Rb, Li, and O in order of decreasing electronegativity, then select the correct answer. 
a.  Rb, Li, O   c.  O, Rb, Li 
b.  O, Li, Rb   d.  Li, Rb, O 
 
9/20/13 -  Select the elements in order of increasing first ionization energy. 
Arrange Ar, Xe, Cs in order of increasing first ionization energy, then select the correct answer 
a. Ar, Xe, Cs  c.   Cs, Ar, Xe 
b. Xe, Cs, Ar  d.   Cs, Xe, Ar 

 

Select the elements in order of decreasing atomic radius. Arrange He, K, Fr in order of decreasing 
atomic radius, then select the correct answer 
a. He, K, Fr c. Fr, K, He 
b. K, Fr, He d. Fr, He, K 

9/23/13 – How do metals become positive ions and how do non-metals become negative ions? 
___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

9/24/13 - Where are valence electrons found?  

___________________________________________________________________________

___________________________________________________________________________ 
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9/25/13 - Complete the table below: 

Name Symbol Electric Charge Location in the Atom 
Electron    
      n   
            +1  

9/26/13 – In the diagram of an atom below indicate the nucleus, protons, and electrons. 

 
9/27/13 – List the name and group number of four families of elements. 

_________________________________ __________________________________ 

_________________________________ __________________________________ 

9/30/13 - 

1. Which atom has the smallest possible nucleus? _____________________________ 

2. In atoms with fewer than 30 protons tend to have how many neutrons? ___________ 
________________________________________________________________ 

3. In heavier atoms, what is proton neutron ratio like? _________________________ 
________________________________________________________________ 

4. What is the charge on any nucleus? _____________________________________ 

5. What does the term nuclear charge mean? ________________________________ 
________________________________________________________________ 

6. What is the atomic number equal to in a neutral atom? _______________________ 
________________________________________________________________ 

7. What does the atomic number tell you? __________________________________ 
 

10/1/13 – F is in what group and what ion will it form -  

       Na is in what group and what ion will it form -  

       Sulfur is classified as what kind of element and what ion will it form –  

10/2/13 - Element Z has a mass of 420g. Scientists determined it to have a ½ life of 5 years. How many grams of 
element Z will remain after 15 years? Show your work. 
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Unit 2 Practice Questions from New York Regents Released Questions  

____ 1.   In order to advance to the level of a theory, a hypothesis should be _______ 
a. obviously accepted by most people. 
b. a fully functional experiment 
c. repeatedly confirmed by experimentation. 
d. in alignment with past theories. 

 
 

____ 2. Generally, how do atomic masses vary throughout the periodic table of the elements?  
a. They increase from right to left and bottom to top.  
b. They increase from left to right and bottom to top.  
c. They increase from right to left and top to bottom. 
d. They increase from left to right and top to bottom.   
 

 

____ 3. Why is cobalt (Co) placed before nickel (Ni) on the periodic table of the elements even though it has 
a higher average atomic mass than nickel?  
a. Cobalt was discovered first.  c. Nickel has fewer electrons. 
b. Nickel has one more proton.  d. Cobalt has a lower density. 

 
 

____ 4. The chart below shows the relationship between the first 
ionization energy and the increase in atomic number. The letter on the 
chart for the noble family of elements is 

 a. X 
 b. Y 
 c. W 
 d. Z 
 
 

 
____ 5. Which of  the following has the largest atomic radius? 

a. iodine (I) b. magnesium (Mg) c. chlorine (Cl) d. barium (Ba) 
 
 

____ 6. Which of the following atoms has four valence electrons? 
a. sulfur (S) b. argon (Ar) c. silicon (Si)  d. magnesium (Mg) 

 
 

____ 7. Which statement best describes the density of an atom’s nucleus? .  
a. The nucleus occupies most of the atom’s volume and contains most of its mass.   
b. The nucleus occupies very little of the atom’s volume but contains most of its mass.  
c. The nucleus occupies most of the atom’s volume but contains little of its mass.  
d. The nucleus occupies very little of the atom’s volume and contains little of its mass.  

___ 8. What information do the experimental results below reveal about the nucleus of the gold atom?  
a. The nucleus contains less than half the mass of the atom. 
b. The nucleus is large and occupies most of the atom’s space.  
c. The nucleus contains small positive and negative particles. 
d. The nucleus is small and is the densest part of the atom. 

 
 

 
 
 
 
 
____ 9. Why are enormous amounts of energy required to separate a nucleus into its component protons and 

neutrons even though the protons in the nucleus repel each other?  
a. The electrostatic forces acting between other atoms lowers the force of repulsion of the protons.  
b. The forces holding the nucleus together are much stronger than the repulsion between the protons. 
c. The interactions between neutrons and electrons neutralize the repulsive forces between the protons. 
d. The force of the protons repelling each other is small compared to the attraction of the neutrons to 

each other.  
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____ 10. The most abundant isotope of lead contains 82 protons and 124 neutrons packed closely together in 
the nucleus.  Why do the protons stay together in the nucleus rather than fly apart? 
a. Neutrons effectively block the  protons and keep them far apart to prevent repulsion. 
b. Nuclear forces overcome repulsive forces between protons in the nucleus. 
c. Electrostatic forces between neutrons and protons hold the nucleus together. 
d. Electrons in the neighboring atoms neutralize repulsive forces between protons. 

 
 

____ 11. Which of the following elements has the same Lewis dot structure as boron? 
a. arsenic (As)  b. germanium (Ge)  c. aluminum (Al)  d. gallium (Ga)  

 
 

 
____ 12. What was concluded about the structure of the atom as the result of the gold foil experiment? 

a. A positively charged nucleus is surrounded by positively charged particles. 
b. A positively charged nucleus is surrounded by mostly empty space. 
c. A negatively charged nucleus is surrounded by positively charged particles. 
d. A negatively charged nucleus is surrounded by mostly empty space. 

 
 

 
____ 13. An atom is electrically neutral because the 

a. number of protons equals the number of electrons 
b. number of protons equals the number of neutrons 
c. ratio of the number of neutrons to the number of electrons is 1:1 
d. ratio of the number of neutrons to the number of protons is 2:1 

 
 

 
____ 14. How do the energy and the most probable location of an electron in the third shell of an atom 

compare to the energy and the most probable location of an electron in the first shell of the same atom? 
a. In the third shell, an electron has more energy and is closer to the nucleus. 
b. In the third shell, an electron has more energy and is farther from the nucleus. 
c. In the third shell, an electron has less energy and is closer to the nucleus. 
d. In the third shell, an electron has less energy and is farther from the nucleus. 

 
 

 
____ 15. Which element is a solid at STP and a good conductor of electricity? 

a. iodine b. mercury  c. nickel d. sulfur 
 
 

 
____ 16. Which element has both metallic and nonmetallic properties? 

a. Rb b. Rn c. Si d. Sr 
 
 

 
____ 17. Atoms of which element have the greatest tendency to gain electrons? 

a. bromine b. chlorine c. fluorine d. iodine 
 
 

____ 18. Which statement describes a chemical property of the element magnesium? 
a. Magnesium is malleable. c. Magnesium reacts with an acid. 
b. Magnesium conducts electricity. d. Magnesium has a high boiling point. 

 
 

 
____ 19. Which two particles make up most of the mass of a hydrogen-2 atom? 

a. electron and neutron c. proton and neutron 
b. electron and proton d. proton and positron 

 
 

____ 20. Which statement explains why Magnesium is classified as a Group 2 element? 
a. A Mg has 15 neutrons. c. Mg is a reactive, 2 valence electron metal.
b. A Mg atom has 16 neutrons. d. Mg reacts with most metals. 

 
 

 
____ 21. How do the atomic radius and metallic properties of sodium compare to the atomic radius and 

metallic properties of phosphorus? 
a. Sodium has a smaller atomic radius and is more metallic. 
b. Sodium has a larger atomic radius and is less metallic.  
c. Sodium has a larger atomic radius and is more metallic 
d. Sodium has a smaller atomic radius and is less metallic. 
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____ 22. The table below shows mass and volume data for four samples of substances at 298 K and 1 
atmosphere.  

                                           Masses and Volumes of Four Samples 
Sample Mass (g) Volume (mL) 

A 20 40 
B 40 50 
C 45 60 
D 60 120 

Which two samples could consist of the same substance? 
a. A and B  b. A and C  c. A and D d. B and C 
 
 

 
 
 
____ 23. Which phrase describes an atom? 

a. a positively charged electron cloud surrounding a positively charged nucleus 
b. a positively charged electron cloud surrounding a egatively charged nucleus 
c. a negatively charged electron cloud surrounding a positively charged nucleus 
d. a negatively charged electron cloud surrounding a negatively charged nucleus 

 
 

 
____ 24. Which total mass is the smallest? 

a. the mass of two electrons b.  the mass of two neutrons  
c. the mass of 1 electron plus the mass of 1 proton c. the mass of 1 neutron plus the mass of 1 

electron. 
 

 
 

____ 25. Elements in the modern Periodic Table are arranged in order of increasing 
a. atomic mass c. number of neutrons 
b. atomic number d. number of valence electrons 

 
 

 
____ 26. As the elements of group 17 increase atomic number, there is an increase in 

a. atomic radius c. first ionization energy 
b. electronegativity d. number of electrons in the first shell 

 
 

 
____ 27. Chlorine-37 can be represented as 

a. Cl b. Cl    c. Cl   d. Cl 
 
 

____ 28. Which element is a metal that is in the liquid phase at STP? 
a. bromine b. cobalt c. hydrogen d. mercury 

____ 29. What is the total number of protons in an atom with the electron configuration 2/8/18/32/18/1? 
a. 69 b. 79 c. 118 d. 197 

 
 

____ 30. Which two elements have the most similar chemical properties? 
a. Be and Mg b. Ca and Br c. Cl and Ar d. Na and P 

 
 

____ 31. In the ground state, each atom of an element has two valence electrons. This element has a 
lower first ionization energy than calcium.  Where is this element located on the Periodic Table? 

a. Group 1, Period 4 c. Group 2, Period 3 
b. Group 2, Period 5 d. Group 3, Period 4 

 
 

____ 32. Which subatomic particles are located in the nucleus of a neon atom? 
a. electrons and positrons c. protons and neutrons 
b. electrons and neutrons d. protons and electrons 

 
 

____ 33. The total mass of the protons in an atom of gold-198 is approximately 
a. 79 atomic mass units c. 198 atomic mass units 
b. 119 atomic mass units d. 277 atomic mass unit 

 
 

____ 34. In a Ca atom in the ground state, the electrons that possess the least amount of energy are located in the 
a.  first electron shell c.  third electron shell 
b. second electron shell d. fourth electron shell 
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____ 35. Which isotopic notation represents an atom of carbon-14? 
a. C b. C c. C d. C 
 
 

____ 36. An atom of argon rarely bonds to an atom of another element because an argon atom has 
a. 8 valence electrons c. 3 electron shells 
b. 2 electrons in the first shell d. 22 neutrons 
 
 

 
____ 37. The elements on the Periodic Table are arranged in order of increasing 
a.  boiling point  c.  atomic number 
b. electronegativity  d.  atomic mas 
 
 

 
____ 38. Which element is classified as a nonmetal? 
a. Be b. Al c. Si d. Cl 
 
 

____ 39.Lithium and potassium have similar chemical properties because the atoms of both elements have the 
same 

a.  mass number c.  number of electron shells 
b.  atomic number d.  number of valence electrons 
 
 

____ 40. Compared to a phosphorus atom, a P3–
 ion has 

a. more electrons and a larger radius c. fewer electrons and a larger radius 
b. more electrons and a smaller radius d. fewer electrons and a smaller radius 
 
 

____ 41. Which quantity identifies an element?  
a. atomic number 
b. mass number 
c. total number of neutrons in an atom of the element 
d. total number of valence electrons in an atom of the element 
____ 42. Which atom in the ground state has a partially filled second electron shell? 
a. hydrogen atom b. lithium atom c. potassium atom d. sodium atom 
 
 

____ 43. What is the total charge of the nucleus of a nitrogen atom? 
a. +5 b. +2 c. +7 d. +14 
 
 

____ 44. Which value of an element is calculated using both the mass and the relative abundance of each of 
the naturally occurring isotopes of this element? 

a. atomic number  b. atomic mass c. half-life d. molar volume 
 
 

____ 45. The mass of 12 protons is approximately equal to 
a. 1 atomic mass unit c. the mass of 1 electron 
b. 12 atomic mass units d. the mass of 12 electrons 
 
 

____ 46. Which term indicates how strongly an atom attracts the electrons in a chemical bond? 
a. alkalinity c. electronegativity 
b. atomic mass d. activation energy 
 
 

____ 47. What is the total charge of the nucleus of a carbon atom? 
a. -6 b. 0 c. +6 d. +12 
 
 

 
____ 48. A sample composed only of atoms having the same atomic number is classified as 
a. a compound  b. a solution  c. an element d. an isomer 
 
 

 
____ 49. Which element is most chemically similar to chlorine? 
a. Ar b. F c. Fr d. S 
 
 

 
____ 50. An atom in the ground state contains a total of 7 electrons, 7 protons, and 6 neutrons. Which 
Lewis electron-dot diagram represents this atom?  
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PRACTICE TEST

1. Which statement best describes the density of an atom’s nucleus?  

a) The nucleus occupies most of the atom’s volume but contains little of its mass.  

b) The nucleus occupies very little of the atom’s volume and contains little of its mass.  

c) The nucleus occupies most of the atom’s volume and contains most of its mass.  

d) The nucleus occupies very little of the atom’s volume but contains most of its mass. 

 

2. Which Group of the Periodic Table contains atoms with a stable outer electron configuration? 

a) 1   b) 16  c)  8   d) 18 

 

3. An atom of carbon‐12 and an atom of carbon‐14 differ in 

a) atomic number 

b) mass number 

c) nuclear charge 

d) number of electrons 

  

4. Inventory each grouping by metal/metalloid/nonmetal 

a) Si, Ge, Po, Pb        

b) Si, P, S, Cl 

c) As, Bi, Br, Kr 

 

       

d) Po, Sb, I, Xe 

 

5. Which is the negatively charged particle located outside the nucleus of an atom? 

(1)  electron  (3)  silicon   

(2)  neutron  (4)  proton 

 

8. Which of the atoms pictured is most likely to form a cation? 

(1)   C   
(2)  Na   
(3)  O   
(4)  they are all equally likely to form an ion 
 

9. In the periodic table of the elements, elements in Group 1 have how many outer electrons? 

(1)   0    (2)   1     (3)   4    (4)   8 

 

10. Which type of nuclear radiation (beta particles, gamma rays, or alpha particles) can be blocked by… 

a) a piece of paper 

____________ 

b) a block of wood 

____________ 

c) a piece of lead 

____________ 

11.		 write out:    alpha decay of  

   beta decay of  

13.	Explain	the	difference	between	nuclear	fission	and	nuclear	fusion.	
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